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EXRBERE® L-ARIEY, —&KA CaCO; EABFMA, AT L-
AMBAA, BFEEETE, YEEL-ABRETRE, FRENR CaCO; HIH
B iR, AETRBEXBMRMLEHLL CaCO;. NaOH BB AE K ME R M
R B EEFREAR, BLERBELRBEET CaCOs. NaOH BB ME KK &
BERRNFAKRE, FEBRERBEEMEEBTARENEERRESN KBS 1%,
LH T NaOH BB AEKERPRFAMELEL R, ANYEETRAEERS
o TEHRLERWT:

L BTEEEMER AL, HHABEHEKA CaCOs. NaOH EHRMEKER
RAIFIRREFREAR: (1) Bl CaCO; EXFRAKBRMEFELAR: BHEH
120g/L, (NHs);SO4 4.0g/L, KH,PO4 0.15g/L, NaH,PO,4 0.20g/L, ZnSO47H,0
0.22g/L, MgSO47H,0 0.35g/L. (2) U NaOH BE®BEAN P HFMBREFES
Bi: H&$ 120g/L, (NH4):S04 4.0g/L, MgSO47H,0 0.35g/L, ZnSO47H,0
0.22g/L, NaH,PO4 0.10g/L, KH,PO,40.15g/L. (3) EAEAKE A o F57 if) B AR 35
FeR 4 R BZ B 120g/L, (NH4)28041.0g/L, MgS047H,0 0.35¢g/L, ZnS04-7H,0
0.22g/L, NaH,PO, 0.15g/L, KH;PO40.15g/L.

2. NaOH B ME KX FAFA, FinCa®)5 L-ALR&=EFIHRE 7.3
Z: BlHABEBHXRERE L-IL.MKNBRE pH H4 5.5£0.2, NaOH & # .
KB BAEN P RF KR ERE DA 10molL. 25%, BXRE AR AKREH
CaCO; BEWRE N 60g/L; 7EHE NaOH ¥ . EK. CaCO; IREER E 34T
ERBBELENRERS AN 0.2-1.2mm. 1.2-2.2mm. 0.8-1.8mm, BiE 5 5
% 2.58g/L.1.37g/L.22.78 g/L, L-ALBR 7= & 53 5 74.34g/L. 80.61g/L. 75.80g/L,
REBEEST S 1.03g/(L-h). 1.12g/(L°h), 1.40g/(L-h); Ti{E A NaOH ¥ A
CaCO; E&F R, KM CaCO; EATMFIN KEEREEHR 1.18 g/(L'h), &
F NaOH ¥ . BKHEREERE, KT CaCO; MRBERE.

LEKBBELELRBIES, £/ NaOH BBIENP AN, L-ILBRF
WRBERER 1.53 g/(L'h), UEAKENPRMFE, L-ARFHREREHR 1.65
g/(L'h), BFAMERBEFTREE.

4. FEAMETRREASSIOBAREMEHE ., NARBEERITE, 4
%) B4 10mol/LNaOH%E W« 25% & K. 60g/LCaCOs4E N F R b A A & B M BLAR
WREBEES AT . UINaOHE B AP F5, % 12h. 36h. 60h=HL-A B
B9 B3 343 9 20 0.93mmol/g/h 2.05mmol/g/hF15.83mmol/g/h; LA/ 3 5 A
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e, %12h. 36h. 60h = HL-F, B M i & & %X 4 5 & 1.48mmol/g/h 2.02
mmol/g/hs 5.94mmol/g/h; EACaCOsfEN 5, 5512, 30h. 48h=HL-ALKH
B & % 45 £10.54mmol/g/h. 4.72mmol/g/h. 7.30mmol/g/h.
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Study on neutralizers of L-lactic acid
produced by Rhizopus oryzae and Metabolic Flux Analysis

Abstract

CaCO; was commonly used as an acid neutralizer in the process of producing
L-lactic acid by Rhizopus oryzae. CaSO4 residue from the recovery procedure not
only caused the loss of L-lactic acid during filtration but also brought enormous
environmental pressures. Therefore, in order to reduce production cost, to seek a
new neutralizer instead of CaCOj3;, CaCO;+ NaOH solution and ammonia were
researched respectively. The optimal medium composition of the three different
neutralizers were optimized through fermenting by shake flasks; the optimal
neutralizer concentration of CaCO3. NaOH solution and ammonia were derived by
tank fermentation, morphology of Rhizopus oryzae and fermentation kinetics were
studied based on the optimal neutralizer concentration; Achieved the
semi-continuous fermentation with NaOH solution and ammonia as the neutralizer,
and made research based on metabolic flux analysis. The main findings were as
follows:

1. The culture medium ingredient with CaCO3.NaOH solution and ammonia as
the neutralizer were optimized by the combination of single factor experiments and
orthogonal experiments. (1) The optimal medium composition with CaCO; as the
neutralizer: glucose 120g/L, (NH4),SOs 4.0g/L, KH,PO, 0.15g/L, NaH,PO,
0.15g/L, ZnSO47H,0 0.22g/L, MgS0O47H,0 0.35g/L, CaCOs 60g/L. (2) The
optimal medium composition with NaOH solution as the neutralizer: glucose
120g/L, (NH4),SO4 4.0g/L, MgSO4-7H,0 0.35g/L, ZnSO4-7H,0 0.22g/L, NaH,PO,
0.10g/L, KH,PO4 0.15g/L. (3)The optimal medium composition with ammonia as
the neutralizer: glucose 120g/L, (NH4)2S04 1.0g/L, MgSO47H,O0 0.35g/L,
ZnS04-7H,0 0.22g/L, NaH,P0, 0.15g/L, KH,PO,4 0.15g/L.

2. Effects of Ca®* on L-lactic acid production were studied with NaOH
solution and ammonia as the neutralizer. The results showed that after adding Ca®*,
the average production of L-lactic acid was 7.3 times more than the control one;
The optimum pH value of L-lactic acid production by Rhizopus oryzae was 5.5 +
0.2, the optimal concentration of NaOH solution, ammonia as the neutralizer were
10mol/L. 25% based on tank fermentation respectively, the optimum CaCO; adding
amount was 60g/L based on shake flask fermentaton; fermentation on the optimum
NaOH. ammonia., CaCOj; concentration, the physical form of Rhizopus oryzae were
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uniform pellet with diameter of 0.2-1.2mm. 1.2-2.2 mm. 0.8-1.8mm, residual sugar
were 2.58g/L. 1.37g/L. 22.78g/L, L-lactic acid yields were 74.34g/L. 0.61g/L+
75.80g/L, fermentation intensity were 1.03g/(Leh). 1.12g/(L*h). 1.40g/ (L-h); both
of the fermentation intensity of NaOH solution and CaCO; composite neutralizer.
ammonia and CaCOj; composite neutralizer were 1.18g/(Leh), higher than the
fermentation intensity of NaOH solution. ammonia but lower than fermentation
intensity CaCOs.

3. The semi-continuous fermentation using NaOH solution., ammonia as the
neutralizer were studied. The results were as following: when using NaOH solution
as the neutralizer, the average L-lactic fermentation intensity was 1.53g/(L<h),
when the ammonia as the neutralizer, the average L-lactic fermentation was
1.65g/(Leh), higher than fermentation intensity of batch fermentation.

4. The intracellular metabolic network model of Rhizopus oryzae As3.819 was
built through literature review and biochemical information of Rhizopus oryzae and
experimental determination. Application of metabolic flux analysis, the changes of
distribution in intracellular metabolic flux were researched with 10mol/LNaOH
solution, 25% ammonia, 60g/L CaCO; as the neutralizer. The results showed that:
the flow rate of L-lactic acid at 12h.36h.60h with NaOH solution as the neutralizer
were 0.93mmol/g/h. 2.05mmol/g/h and 5.83mmol/g/h respectively; the flow rate of
L-lactic acid at 12h. 36h. 60h with ammonia as the neutralizer were 1.48mmol/g/h.
2.02mmol/g/h. 5.94mmol/g/h respectively; the flow rate of L-lactic acid at 12h.
30h. 54h with CaCO; as the neutralizer were 10.54mmol/g/h. 4.72mmol/g/h.

7.30mmol/g/h respectively.

Keywords: Rhizopus oryzae; L-lactic acid; neutralizer; semi-continuous

fermentation; metabolic flux analysis
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1.1 ARG M5 ELHR

.M (Lactic acid) , ¥8 4 o-REWNM (a-hydrxy-propionic acid) , ¥
4F R H: C;HsOCOOH, HXt 4 F R E A 90.08, X & F & 25 CHF 24524 1.206,
R—BRREENEINR, TRFETAE. 39, EYARED . LRSS
FhE—AMAAHREREF, BEAFEREE. L-ABRAGREYE, D-FLBRAILIE
¥, DL-ALM AWk, EMXZRMTF:

HOOC COOH
How : JH H. { _OH
r+5 E
’ CH,
LR D{)-ALR
B 1-1 ABPEHR

Fig.1-1 The structure of lactic acid

HFAENBHEARSERBL-ABOL-ARGEZIES, Rt RgEMAE
HEERBANL-AR, EATEEAEE. BEANRE =Y. D-ALRHDL-
LBHTEREA, £2BBOBFESD-AR, RYSHIAERERSR, 51K
WEHLEZSHTE, AHERTEHAR (WTO) RHEAGESRBEAD-ARE
B E100mg/kgbA F, D, DLEFBANMAZ=ZANAUTRILOESTF,
NL-LBAARBRE . EREGANELG I PN FAL-AE, ZEEITLPNIAR
By #g B0 40 7R o PR 48121,

GEMEKIBEAGRSE BIE, BAN168C, HAN122°C (2KPa) , #
NEEHN1.249, ARBERIBAIBARNESY, ILTAEHRRBEE
BEREKREE, LIFERBRHUEERIBRR, KR, 5K, 28, 28. "
SEE. B, WERE, LERETEN. AW, ZRARMECL 60%Ll
FHREBHILBBBREBRENTEME. Hit, BRIREE H0%NER, HAK
IMEENS0~900%, TAMAILREEN %LU L, 67~ 133Pa
(0.5-1.0mmHg) WEZ4HTRESE, TUBIHARNARE RN,



R 1-1 ARFWEELME R

Table 1-1 The physical and chemical characters of lactic acid isomer

BE  BA/C HEXE® BEEH (25C) SR/ (kI/mol)

L 25-26 +3.3° 1.37x10°* 16.87
D 25-26 -3.3° 1.37x10* 16.87
LD 18 0 1.37x10* 11.35
1.2 ABKAEF B
1.2.1 RE®

KBEFHZAREUER. HEBESEXSFANER, 2UEMEEN
HEB. BHREDRKEBERZHNEIBAAERTYHIARE, TEALBRRES HF
B B X (Homofermentation) . REF B A B (Heterofermentation) F1i&
&M KRB (Mixed acid fermentation) [,

A REARKE

MAEYEIEMPRIEZEEHITRARIARKE, ARERBFHE —4.Imnol
HER LA 2mol AR, BREREN100%. B TFRABIRPHEDEH
fEBENFE, LRELE—BRESWULENMMARBABREE, ERN
XHh:

CeH206+2ADP+2Pi — 2CH3;CHCOOH+2ATP

B RRIAMRKE

MAEYZ ABifidusBRNPKERERFERAMAR. COMZE. HE
BHELERES%, BRMRNY:

C¢H1206 +ADP+Pi—CH3;CHCOOH+CH;3CH,OH+CO,+ATP

C REBRKE

FEARRERAERKEALT, WHAEBEREZIRE . pHA BREE#E
BRUREMN—FHIBRKENG, HEELEMPRRER AR, ERRRHA
WERRETHE, BERARS, EERTHFREETY. £4EX LA
BRABRERHNIABRAENEN, BEREXNKMERELGTAERAKKN.
MARBENGFEE, HARKBATHENREER. ERZLEMPERBAER
AR, RE—BIrAEREATCATER, MBE—HIrAHBRELBRKEEE.
RERBRABNAERRUBHELTIANESRAR. 28, FERRAET LR,
KEFRRZYER, ZREBEHLETREABRRBRRUES,

1.2.2 ZE G

19634F, % EMonsantoA A FHRAKEEREEFTALRSY., hEsRE
AR ETSEHERHT, HPAFALBENNRILFEE. ZERAZES
SEBRABEEATERERALE, SR—IMRHERN, E¥ETHT, B
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EEAERRALFRAREBRRBERKBEIAR, SEEENNEERE ™
Y, AMAFERELELRTE, BEEBEABERIARSHE, FRYTH
BHEAAT, ABHE T —ETITHALESRZECSEENRERLKRE. R
ZoBEWL. ZoENEBELE.

1.2.3 B

A2-FARBEENL

HERRAKZNABKEZ A THABEETLR, 2N BRERREN
BEAEIBARPALHL2-IRBE X (HHRAIL-B) MDL-2-XK K
i (BFADLE) , FZEAFEYDL2-AAK, MHEEL-FLERED-%
B

B REMEEEL

HummelZ A D-3, B i 208875 7 8 % 178 L JL AT B DSM20196 5 44 78 3
D-IEMEE, REULKEAENAERAIKYHEID-AR.

1.2.4 LB AP FER B

W2EBEMNREARTRANIERILBRNDL-AB, 5, HFERER
AMEEERZEARSYERR, REXERANGYEER (FDA) BHE
BRABIARLER, BHFLAERMUESREEFHILBHZEERTIALDL,
HRARBEEFLBAKZRRE, WARETREAEER. BEAETLREA
WE—MHEBIRLLR, BEIERERERN, NANIVEEERTH —-PH
R,

BAEYRBEETIR, TEIHMAERLGNEEMREBAF L, T
—#HD-ABEL-LMREFRHRHE U — RSN EE, UFHEEEF
RUBHNEE, BARBEESABRREUEERE. AESEREIEHN, &
L. AEENEREBETLR, FARETEARBRESARFEX
S -ESABEEm, URALSIREEMN., Hik, MEWRBEAEF
IMEXBERRESZ, £FREEK. FRARAER. Z2HEHEM AT
HEFLRHWEEF L,

1.3L-FLMINHA
L-ABRER—FRAGENENR, TEZFENE. 319, EYURHED T,
EMtAANMSKENBRZ—, ERARN M.
13.1 BRI YHHNA
HFL-IBMAGTRER, B, TEESSGARE, BRERME
BE, A FEFEHBORK, BEL-ABRRETEYEERES AT EHIR,
EHBH ., REN. AR, RERNSEIENATEAIRM, RER1-2.
FEEL, X, BHERDNAL-ARUBRANAGEEEESERANERR
o, EeELEESRS, AL-ARAEHRKRATpHE. HAAMALSERNL-A
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METTUMEIZENEK N EREBL TR, ERAFREEM, FRATRATD

55[12]‘,
RI2L-ABRTEYERS T FHNAE

Table 1-2 Application of L-laclic acid and its derivative in food industry

z2%m Jih: S

L-A 8 ROk BERA . MEpHIBTH . REH. REH
L-A R Roeks@aml. BRI, BRA. BEFRITH. BEH
L-ZL R W BN, BILEF RS

L-AL R Rk aEF . @A REM. pHZ S

L-AL R kA REF . AU BEHA. BEA
BREBRARS AR BB REEH

BB LB A BEN. ARAREHM

WM R FLALH . BB RIEE

H R A FALH . WA, REE N

BB E MR RN, HEN. REEEN

L-FL B MR BR. BER

132 EEH TS HINA

HFL-AREBRBORAEER, KAFRNRTER. BAR. RERMN
JUfE, TTUEZREFAZE. KFE. SRE. FRASSHAOHEEN), L-A8
. L-AK%. L-ARVEMNREBTENREAR: L-AREEIRETAR
ERERARNELR. RL-IARRLENESTHLEY, RFEVHEE. &
AAREEIBRL-ABTEABRE, FIERERN. ETHTHEERK
EHH (FOBEFADRBEANEK, ERTEESFACHETEER) £
YRBAE (FIRFREEL) . £YHEF (BEEFHRATCTNESRG) EE
ﬁgﬁ)\ﬁ[u-ma )
1.3.3 ZE Rk 7 B R A

ERVESS, RS FERL-ABRTIEAZEME (EF-ZRIER. RS,
BRIENT MR RABEERLEFAFENAIST, BAL-ABETHES
HYERBEDH, KEREENSENETR. Bk, BHE+SEANTRA
B, FLABREEEMEARIRNEDERBE, TURELEFZBRY,
EERAMERANR, XREDRNLRLESEH, RERGHFHZ RIS,
1.3.4 FE4L% b 5 &I M A

RL-I® (PLA) REEEATHUEY, RAEEVHENE, TEYRRR
W, BES, HSMIREY, E5HERAFHEFHMEY R HEY &R K
SR, BARBRZEUENK, FEEXAEEMBEANIREFTUNERNTEYRE
BESTFHEP, RLABRETHAETEREZEAMUMAER. T
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RAEYTERE, AT ZATRESEREFAAEMHNESD, £XEMA
F, RL-ARCATEREE. EHEHAER. KEXSH. HE. BEAS. )L
BERA. BXEESE, SFHBESE. Rk, Wik GERWL) SHEHTHH
pigp

L-ARETAEYEBREHTEANNAE, XTHED “BEER”, LHATHF
SRBEERAFRREENEN. BEARHBT, TARNEREEFRE T
S 1 8 K W R - B AT AR P2,

1.4 BASRBEEFL-LBREBFAIAR

17804 5 fi b 2 KScheele B R AR F A T REHI B AR, 1875, BEiiE
ROAFATHRMARE. CRMMVEABIEFTUALR. . BXHMITHE
TEFERAABRANRAEE~AREEH B/ 1881F KX H. 18994, Boullanger
HIETHARBUNENIRE (Rhizopus) REE (Mucor) £F-ABHEF.
19114, EEBEREHZARIL-BED), LABRKET LHE50ERZE60
FEREEPUEFERATRANERE, EdBATENRARESHLITH
',

HRAFAFEELRMBEDRE, BFERENR. TUNHAZTEHR
BHEKE, —KSUME (Lactic acid bacteria) , B—K KRB (Rhizopus
royzae) . REBEFRTHIRAZAEN, BRTRER, TE, £ AR
BrEMER, RE, FEE, EEFYEEHLD-AR. BAHATL-ABRE
EERANER, TEEXRE, ANENARSERED). XRBLEKENE
FEXRK, TUHEMNHARDELAIL-ABRTHE T ZXKA.

141 XBEFHEEF T EHNHAR

BN REEXRIRBEIENEHERETE, RREBIBRFT—IZEX
BEENEWERE. BWUKREIRENNREKRNEFTSR:

(D) BEERORE: TAREYHANEEEFAPIEETT —#L-
B KB EFRISMI-RT3F N ZEAIEREREWROLGHITTHR, A
SOOLRBEHERITYT KRR, BEXRRED B A12%E = 70g/LLL £, 20%E
?105g/L Lk, HHPL-AMAERBETAI%. HILEAPF BN —BIERE
FEEEERF, FEARERT-RUHFFHREE O HFEMNLE S HEH>L-
AHSIgLMBER2EK, UEAMREAKRSEIEETNFEHR IR LKB
TAFHKR-291, AH 25 A RIE, HL- LB E RH103g/L, SHEELE H68.9%.
BEBEAPINTSHARBERHEH BEKZAL-ABBEENERK, EPXRE
Rs928P”L-IU BB &, UHEWABIE, FoRBES, YEBETFHEREN
174g/LBt, RBE61hiL-FLEE140g/L, FEH LT H80.4%, L-ILBHAE H97.9%.
HABE NPT AREE LA EEER, ASHERERATRTFRETRA
HEIHENLTEPE Y THREER oryzae3017. AR FIHAUV. BB =2 8. “Co
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%t & ¥k R.oryzae3017# 1T T BEREE, B I RETHR.1021,

) FIAXEIBRERBIERTHEN IEEK: Obaysh®V7E1966%F &
KRETEXREFHFENADHERBE WAL BAKE B . Pritchard®?**17E 19714
ST KIBRENADHE BB A BHERETHR, BHZXEBRUL-ABERS
&Y, EfASEEpHT.2, BEMNEEBRRENEHREAFTESER, ANKEH
BHREEIENE. SkoryPYE2000EAH T A TARESTAURK BN RDE
HRAESRENTR, EERXUAREFELOEERMHIA BB LR NAD+
& 36t &Y 3 % it 2. 8§ LDHA M LDHB 4 51l i 1dhaf11dhb%% #3, 2001 £ Erdogan®*'#| F
RT-PCRERNMABREBNARBEEMOERF WHTY #, SkoryP3"1#£20034E
BREXRENIBBREBERNEREEFRE, HEXNEIRTARKEAE
EUHERREXBEANTRESN, RIFFERKERAMNAN A ERERE
HRE R RER.

REZFAIBLATHEN. FEHNEKES, BHXTEAKNDNA
FMEAXREESRTRUFEESEREINEREE, ENFEERETBERGE
SR E BT A /i — R,

142 XBERBETL-ARNHA AR

LABNEBEESRE. RERRBMN—FEINREE. EJLEMSXE
ERBFL-ABNRBEISHATELYTERBEREHMNEE. HERSR LB
FHRRNEFE. FRESEAYZHERRBER, WL-ABE~RTH
NAF-032M KB & HHTTHMSHA, AU T REEFE. LS AN2Y
KXMWERIUAEHKBITHR, RAFLEFERREIR=BRES; KESLE,
R INCaCO3 ] LA78 Z]39 5 I B BR (B 42 1.0-2.0mm); 247 F 25 B #3x10%//mLAY,
HEREHA.

L-ABABIEY, BTFANMAERL-ALBREXBERpHER FEK, BEKpH
EMEEEEEKNFERERSTEBIAME, FO 2958 mERF MF T
pHEA I,

CaCO: £ HEr @ M A, FHCaCO AP MAERER, &
AR ERRG, FRTEGEK:; HCaCOsfE%H — kRN, EHTEE
RERRNEAFEY, ANCERHANEKNERNERIBETREEE
B, RERFPEENCTESHATARTHNEAZES SHATRAKMRYE
HELAIRBRNEEHEE, Z4, CHETUETEARBEERBEHLEESER
P cAMPE &L AT B EERE TR, BRACaICOENKRERBAE
L-AEBPRAAE, MRBERESTIL, EXBETEHNEEE T, &K
BEMAREERBEERER, RRAERK, PHABETHEEKE, B
FRERFEALAR: RERGERKBEBENL, FREEUSE. Y TREE
FKE, EREHFEFRNRFERE, IENEMNER, MEELHERHK



BE%, BmpEng. ki, EAREEMNSBERDNF=ENKELERE
FRETENERBEANARRE, TEHTEEASLE, XL-FLEBHMEE
MEMEFEBERERNFRENMEELERE, AR FL-ARE”REN
Bk, TEEBAAEAREFNTREMRE. Bk, RAREBHLZ, R
BCaCO;FRANHRAE +HEEHILE X, :

HEt— R BEAE /K. NaOHE W . KOHB#H . Ca(OH),ZEREHCaCOsRAT
REEMpH. IHEMEYHAFTHER. YIS XAEKESFRN, A
1% % 78 21| B — ¥R K AR B Rhizopus oryzae JS-N02-0233 1T ELE Kk 5 7l 4 & B
R, A RBEEESHER, FHBEIRE H136.8¢/L, FHRiE100.6g/L,
L-9, B4 B 1595.3%, BRMELEIEXT.%. BAHEPY% LU MNaOHE Y + F
#, #4%IpHE }4.0£0.1, F=#71.65¢/L. Shigemobul'?% i@ it fif F I ¥ 2 AL
RFEEE DR EARBEEHRMK-96-1196, FHFL-ABLEHBEHREMN—&,
Heew @ RE/K AT pHE, RECaCOMENFAA, MO THHFERBTE. &
FETRK¥HKFR. 2 EFE*%5 5 F FHCaCOs. 6mol/LNaOH¥ ¥ 6mol/L
HAKAELBRREBIENPH, BRMNARKEN169.1g/L. 187.9 g/LF170.1g/L
(UREBBEHHERE) .

3 FEAKFINaOHK ¥, CaCO:M KR —FE@EM BTN, pHIAT
e HER, REBpHERKHA4.9~52. HCaCOT LRI MU ERAKRGHTE
RMETR, STHABRKYERRHER—CHHE. BN TEAERNS /R
REE, CaCOIAR kA —FMBRF LR . E/KFMNaOHE K £ o] LUIR 17 #u ¥ K B2
WHpHIA 6.0, HPEKR—HEBBOMPAA, BENTL-ARNEY
LSRN RBEENEK. ERPRRNEEFRIME, LU E AR AR G4
Hat, BN ARAEEBRPMANEEERKANFERERATALL, BXH
AUFARARBIRMARORI N, HAEXNL-AR=ENE®W, ARG
WNENBHARARFTAARSETESF AHRBRES TR RER RRE.

1.5 Rt T#E

RETEEMARARERBETERN. §HRHMBEUEEFER
F0F B B A 34T L % 8546 (chemical transformation) . BEE#F (energy
transduction) R4 F4H3E (supramocular assembly) P, R THREEHKT
B — /AR RS, B MBaileyl19914E 7E Science kK & & L E “Toward a
Science of Metabolic Engineering” LAk, HRBRE, HEERHA K,

RETIENSIENEERKEELEKBTS TEVEZANER, URA
REERENIFSNE, 3h¥Ett BEOSEYE, SENHEIER. &4
FEEMERE, MTRMEYHEERENE, ¥BRENEVEEY KA
MARBSRHRHEBRIEZWHEESNERB IRLANELEM, K
HRBAMEREZERAMELER, EXREITHARAFTEETESR: (1D
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HAEE2HE. (2) REBESH (MFA) . (3) RBEEHISH (MCA) .
() EUELBI. (5) BALER. (6) BBRANESTEI,

MAEYMRE TEN—FRREL: BEREMNT, #TEERT, REXHA
Rigg s, RERTFESIFTE: (1) XEBRER, TEATERERHFIAH
BRMARE. ENEERTRRE=WHER: ) FRAIKEREER, 5
ANIMBEEFRTEMRRERORERE, FEFHRRRHE=Y, RAHFHED
HEYEROER, TABEANEEZXHINRHBEESTERAKR
[58-59]

8 &S (Metabolic Flux Analysis, MFA) BRI TEARMNEER
B2—, TARERARNMLETBEXXABIRBRFEEE, HRrEN
AFERENETFERNARBHREE, ARARBYRNEMRN FEXTH
BEHRBRPEREEANTRTEEEESHENFIAHORA, HERAKE
g (60611 Sy R WRASBRE: RRARANFTEABDHLTHRE,
ERETHEERO, XEHNPEARFD AT BE AR T EENAREH
(B BEXAHE), EECHEEOLEEBE AT, WAEBRABEKE HEHRF=I-n.
XHEE, BEERAHFAREXERNHEBAERI M. ERIERNER
SAi, DHEMARARGBBREEFRENTHR AHRENMIXIR. ROE—E
EQST, RENE—RERFENSX, HURERGEESHHRAELL.

TR AHERBYREFEOUETRFTE:

Ar(t)+b(t)+Rmb=0

RF: ANRBERE, (OIRNEERE, IR BPREEER, Rmb
MREAE. BPbOARINEVREERNRARBYREER, (ETE
SRHEKE, FERBEARSBRENE. X&, AARARNKFIEREER,
AENENLNARSEERAETARESF (WRDRBES XA ENSFELF
), RN EHBEARRERNMGER, AL ERTHRTERRH
#*. EFFAMFABREROEENI A, LANAKRAREBREEEENT#E,
RERZEAN ST AL,

BEMRBEESWECHRINATFUTFE: (D HERI=HHREE
. () HEELBEAKRE, ) BHRAHMFEMNRERE: 4 FHARH
BESATABRBRBOEMW,; (5) RARANREREH RN SRS
T H. XENARMEIMEGREIERTIEEKEETERER, ShrEL
BESIRRLRETEREZO,

Rl AR RARBBEESMENERERABIEN T REEE
FTEEM, RERALRENKREREBSBAHTERETERAM AR
RGBEEN, BHTEBRE5FREMMXREARX: HRE-—SELFNEXEFT
BERHE. POREBIRBESE.



SEPCIZABIYHEENEERY T ERITHTTRBRIFTH
BEER, FERNATHAERLIRE, STEERA, ARSI HERESEY
KRB RERE, FRNAERESEERKRENRUBNESE, EEYRH
HMEHERSEBEBHEAGTHRABRETTNHEEKYE, REISEBRKE
ZEEBREARERYE, BRURIOENRE, CSRPOABRKER. :

Jorgensen P AFEE R AMRBLRFUESTHERE. K. v-E%
THRAANMEERMFEIER, FEEXV.LLD-ACV, OPC. IPN, 6-APA. 8-HPA
SEREFEMHERER, UREYEMRSRNA. DNA, EARK. BB, B,
MEMEERMERER., ZHEME, BT HILR B MA49F A
Ri=EWARMLZTERE, BETFRFEEKSTERAFNERNORY

BRAFEERSTEEMEYEFRFNACEHLEREZ, BERHEXTXK
RERBEFL-ARARUEEEANTRTHE D, £ERN, BLEFRI%H%
BRELBEIENARNBETTREEESNT, SWMTEMNETLESRTHK
ARARBEESIANENL, FRTBREATREL-ARESKEHEZTFT N,
BRTL-AMEEREONG, ANNARBEESITERARTAREEES
MEL-ABREEWH, FANTAREXBFRAOEIMINRERSHHREME
HBEESHEURANEFABEENHEAFBESIA=EOR T, FREHKR
BEEABTIBABRKERBEYYys. KAFEATCABHFANAR SR ERHAH
BEARBARAMBRREERAENRNL.

Barbara E.Wright!®*1% 5 F C 0 5 ¥ R AL RAR I F B T KR EF-L-
ALBHARENER. AMBRERTLUEE, XKREREHEEMNRSEARA
G, BASEHEERMR (EMP) B2, HAUAEEE-6-BR (G-6-p) , i#
TN 1,6- BB B8 (F-1,6-2p) , STHANBRERR HE R (PEP) ,
REEUHATBE (pyruvate) . 2k, RERYWEILBRL: H—, BEE
FiacetylCoAZ. Bt HBEA, HA=ZR®M (TCA) 3K, AXNMEXELSERENA
RE L (fumarate) « FEERBE: (malate) . EBtZBE (oxaloacetate) ; H—,
BREN N ZEE (acetaldehyde) , MEERZEE; K=, HEREKRE (LDH)
AEHABT, £RA%: KU, REEREBRZIMRE (xaloacetate) , M5
B Y RME (malate) MEHARME (fumarate) o

Barbara E.Wright"& R HAKTE N B X KIRENHE BB #H1T
TRSEBEESWHR, RAUKBREKIRE N 10mmol/LE, REIRRKKRERS,
MIABMHERERSE, BRAYKBRENKEEMNE, ¥ RRNEIRNETE
LEENSN BEIHF4AHEAEKARSRTEHRNATEERELE, RUAR
AR BEERME, BATCARAHZESHRAHERRRERLRRE D, XK
REIREABIBHNARNMERETRABEEDS T, KAFZATCARIAALE S



BRERHANEREAXBARNMBREENBEERW. Hik, HTEFAEHXK
REMNARMEROMANT IEFEN LG, NZEXRENBETRA
RENBEFTERAFR, FERFFIHAZITEHEFTER.

1.6 AR XHAEH. BXRFEARE
1.6.1 AREHAEX

EEGHL-IBRRELIZY, CaCO:REABRITREMRT AN, BFEA
CaCOstE hF AAIE, RBMEFKENCaCOESFERB OEE, FHEHEEK
RS, EEFEXARERGOEUSR; ERABTFEN, BRENABRSHER
BREAMERA, ERKERK, EXE, BRE; RXEBAMRER, T8
HULGLE. 55, ERACaCOERFRAIN, KBBEMETERSEAARS,
FEL-ABHNTHSERIIED, FENKERBRSANELEFLERELE
E, ERARHRK, MEFENKXERREEBESERTENKREHMESE
RERE, FRFL-ABRKABEEFHNTRERE. Bk, FRFRPFHL
BHEERCaCOHFMAAFT+HEENRER X AE T HENaOHBE R . &
KACaCO;=F A, UL-ABMTEE LR, BIRFEELEMNT &4
M. ¥ EERBTVARBEEEITHTHR, EHBREFRN.
1.6.2 FEHAARE

(D) AEFRFIEFEZFFHMRM. RWLL CaCO;. NaOH ¥ # FE K 1E
HPMFIMBREEFERS, B EFERERZ AR HEIE. Na*, K*, Mg?,
Zn*, Ca*%3f L-AMTENEN, RIULHREEFERL .

) AAFMFRBEETEZHR. E8TFH CaCO;. NaOH B M K
EAPRFINKBRERE (AR, USRI TREFNARELZMETHEG
RERKBES %,

(3) fFEAEK . NaOH B HAE A+ MB35 4R 8 . R FH & /KM NaOH
ERPRMA, £ 7L KEELHTXEEREE, SO BAR AR ELELE
REE.

4) KRBREBE” L-ABRPRBERS . BAKBE” L-ABRHIA
WEEER, X{FH CaCOs. NaOH ¥ E/KIEN A BT B E 447,
UEN S-S EERENNIRFEPRNREES.
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B8 FRAPRAEETRE™L-FLREEFEFFRL

SEMEATIEFANERELZGTHEEEFEFTRAOAR, EREH™
YIMENFZANERAEYEZEEALANZER, KhEREnamsd
HEYEFHREBEINENENEE. AEMEYREHNEFKEARRT
EEEMAS L, CTERUSENHELZGSBECHETRIATER
'::H %[69] .

BEREANBHHUEAYEKEENEYERERRH DI FENE—
SHHRSNERERYRNBESY. EFREZARNECEKER. =“YHE
MAR. RS ERENEFSNRENTERFTEELZW. REEHEER
MEEEBRSRE Y, THEADPZEREVERRE=DHES, RERETH
e B, —MIF B FEAR LSS B KA KR 2T — e B A &
SR EWRAN, EENEELFERNEAGENRE. RBTIE&40KS
DA R o e 45 1 0 7R D T S B8 B e i A s U

EEREARGERE. AE. THEMMETR. K. £EKEFRH®S.
FEMARPRAESHTRHEFREARBTRAFHANTR, ZENPRNE:
CaCO;+ NaOH¥I . B/K: ZHENEFEARRSE: HEBERERE.
(NH,), SO B EWE . Thlh (g, . k. W HEF.

2.1 MBEH®

2.1.1 BHF
KRBAsISIN(AETWAR%4EYERRIE%RABRILRERBEND,

REZEPDAFE L, 2NMNAHE K.
2.1.2 &

11



B & g 3

2K 43 Hr 4t EBRFRUTEAT
2E8uM it rEFEAT
3o 4] e I"RERBLER TEBERAAFRFL
MR vk FARMKHERET
BM_EH Pt "Rk MERET
LKERBRE 4riret Rg@ga THRAF
LKETMBRE R Rg@ah THRLA
HEHE R tEFELT
B _E% SHEr et IRk TAbRe T
B 4 b4t Rgdwh THBAF
5] P LT ERATT
TR PR P LA 2" %
EDTA g LwAR—
BAEBREW Rk REBBUTHERAA
213 FERE
1 BEE LR EFEBAL
SWO-CJ-CO HgwE HERAZRAA
HZQ-F160 B3R & # 5 # MRETAKEFRAFRAERAA
YXQ-SQ46-280 & I NEFME LR K IHB=RETERTRAA
BCD-232 k% FELER
vKHE BEEH
EREHEAEE LM % E Beckman 4 7
AR1140 BB FRF Chaus Corp.Pine Brook.NJ,USA
515 B S AAH B Waters 2 &)
Photodiode Array Detector Waters A &
2.1.4 HEFE

B FHEFE: PDA(GREFHRE) 7, TRE 200g, HHHE 20g,
g 20g, ZAME/K 1000mL. R4&HE: GREXRE, VIRHRED 30min, RE
A2BYmidE, BmEEEREE, BG4 2/KE 1000mL, 121 CKHE 15
min, ¥ & EE &R .

2.1.5 EFRHFIE

BREREEESE, % 250mL =AM 20%E%E, 121CKE 15min, 10%H)
BEfE, ##E (200+5) r/min, (3210.5) CHREK¥EFH 72h.

2.1.6 BWHE

KBRS L-ALME O E: HPLC &Y,

12



(a) fBif &1

F Waters515%8 ERAH G EG#HITRE, BN 3R EMercka 8 H
PurospHer® STAR Cig R #84E, 250x4.6, (5uL), #3hAH K FH0.005 mol/LEH,S0,
YW, WiE0.8mL/min, KM K210nm, BEHEE20uL, HEAFER, FREE
H3. A FEENEL TO4SULA B ARAERBEERTESTE, XEAS
RS . RBRALAEZBULEE K R BR4ImL, A4 mLA0.5Smol/LEIH,SO,,
B4 3 (4000r/min, 10min) B £CaS04 B EHEWImL, EAF100mLH A
B, FO4SpLIL R EE, MARUER. REELRAELAGTE
WohR20uL, BRERAERESEINRFECEEGITIYR, REKREHEMHEE
BRPXNHEIER, RREELERRTMA—EROFIBRITER, E—
SHE.

(b) #R¥EHELH

EHRARBATAERTLER0.1578g, AEAKERFI00mLEEREY, RESH
MFRE1.0. 3.0, 5.0, 7.0, 9.0mL, SIAZ/100mLAEEMRT, TEA AL
R ST B KER20uL, BMKEHESK, EFIHE. 7£0.016~0.14g/L
EEA, DIEERIX, BRKREANY, BUINARIT/AEHMKNIIMIETRER:

Y=1E-06X + 0.0099 HAXE¥ R>=0.9998.

0.40 r Y = 1E-06X + 0.0099

0.35 1 R% = 0.9998
. 0.30 |
o |
$0.25 |
W 0.20 |
4 L
& 0.15
# 0,10 -

0.05 f

0.00

0 100000 200000 300000 400000
TR

E2-1L-IBESEREHE

Fig.2-1 Standard curve of L-lactic acid content

22 ERFHE
2.2.1 BACaCOsfE A * F0 7 (4 55 5¢ E AR AL
22.1.1 HEBEREXN L-ARFENZ W
DAEI BB VE DB, 4 BIEUR E80g/Ly 100g/L 120g/L. 140g/L 160g/L+
180g/LiHITRRERR, BMREBR=ZLAFITELER: EHE H50mL/250mL=

13



¥ BRMImLBEFEE (5x10°40/mL) ; EF (3240.5) C. (200+5) r/min
MERSBEEKRESERTLY NEEBBEPL-AB*~&.
2.2.1.2 (NHq)2SOKR EXL-ALEB =B Z W

PR22LLIREFABREFGERREANEM, BRNNH)SOM AR KRELO
g/L. 2.0g/L. 3.0 g/L. 4.0g/L. 5.0g/L. 6.0g/LiETRHEERE, SMREMH=
ALY, HERALE, BRUEEBETL-ARSE.
2213 THEBREXNL-ABFENE W

PA2.2.1.1F012.2. 1.2 R AT B RAEH A FE A (NHy),SORE A E A, SA% 8
MgSO47H,0+ ZnSO47H,0+ KH;PO4. NaH PO K EXT KB B R B~L-A B K
¥, H %R MgS0,7TH,0% & : 0.10g/L. 0.15g/L+ 0.20g/L~ 0.25g/L+ 0.30g/L.
0.35g/L+ 0.40g/L; ZnSO4 7H,O% £ : 0.11g/L+ 0.22g/L+ 0.33g/L- 0.44g/L; KH,PO,
WBE: 0.05g/L. 0.10g/L. 0.15g/L. 0.20g/L. 0.25g/L. 0.30g/L & NaH,PO4# ¥ ;
0.05g/L. 0.10g/L. 0.15 g/L. 0.20g/L. 0.25g/L. 0.30g/LAX R %, KB4
AL, BMREB=Z4H4FTER, RUXKERATL-ARSE.
2.2.1.4 LACaCOsfE N o M5 i IE KX B

FERRERRERME, %HFKHPOs NaH,PO4s ZnS047H,0. MgS04-7H,0
RENERENTFREZLZEEE, UL-ABRTENERER, EFLG)EXER
HITRE, BAFESNMEINERER, BREKFUOR2- 1R, XPEsx
EHKRS U ERERMAKFEAHEM.

#2-1 EXRBRREATE

Table 2-1 Factors and levels of orthogonal test

A B o D
AF MgSO,7H,0(g/L)  ZnSOs#7H,O(g/L)  KH;PO4(g/L)  NaH,PO,(g/L)
1 0.20 0.11 0.05 0.10
2 0.30 0.22 0.15 0.20
3 0.40 0.33 0.25 0.30

2.2.2 PANaOH¥ & 1E K o #7705 Fr E AR AL
2221 Ca" REXML-ARTENE W

BUMR B4 %) 2 0g/L+ 1.0g/L. 2.0g/L+ 3.0g/L. 4.0g/L. 5.0g/L. 6.0g/L. 7.0g/L
{1 CaCOs 19K B 4 B H0g/L 0.5g/L. 1.0g/L. 1.5g/L. 2.0g/L. 2.5g/L. 3.0g/L
MCACLHTRBAERRRY, HABMFTURBEFRELNEM, SMREHM=4
FATER; EREHNSOML250mLE=FM: BEHImLAEFEE (5x104/mL) ;
ET (3240.5) C. (200+5) r/minfERSBEIRR G F72h, FHR4~6h
i INaOH¥ W 32 HlpHFES.0~5.5CEN, MEeRABRFL-ARTE.
2.2.2.2 (NHy):SOKR BEXNL-AR™EHNZ W

BA2.22. iR BT 8 B 45 B T IR B 0 A, BU(NH,),SO.8 A R B 1.0g/L
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2.0g/L. 3.0g/L. 4.0g/L. 5.0g/L. 6.0g/LEATRAT AR, S MKEM=HFIT
£, HERALE, BRUABRRPL-ARSE.
2223 EHEARKREMNL-IBRF=ENEW

PL2.2.2.1712.2.2.2iRX B BT 78 &% 1 Ca® FI(NH,),SO. K E N RE, 4 5%
MgSO4-7H,O% & : 0.15g/L+0.20g/L+0.25g/L+ 0.30g/L+ 0.35g/L+ 0.40g/L 0.45g/L;
ZnSO4TH,OW B : 0g/L+ 0.11g/L. 0.22g/L. 0.33g/L+ 0.44g/L. 0.55g/L; KH,PO,
WREE: 0.05g/L. 0.10g/L. 0.15g/L. 0.20g/L. 0.25g/L. 0.30g/L & NaH,PO,¥ & :
0g/L. 0.05g/L. 0.10g/L. 0.15g/L. 0.20g/L. 0.25g/L. 0.30g/LXfL-FLB K B3
Bygm, RBEEAERL, SMREM=ZAFTER, RURBRPL-ABS
E.
2.2.2.4 UNaOHEBEA P A M IER AL

HERHEZRBERME, %#FZnS047H,0+ MgS0,-7H,0. NaH,PO4. KH,PO,
RENEEAERRLEEEE, UL-ARTENERER, EBLM@)EXE
HITRE, BAFEINMESWNELERER, GROR2 2R HPEFRERSL
BR4) CARU T A € B AR K SF A EE Al .

£22 EXRREEKFEE

Table 2-2 Factors and levels of orthogonal test

KT A B C D
. ZnSO¢7H,0(g/L) MgSO47H,0(g/L)  NaH,PO4(g/L)  KH,PO4(g/L)
1 0.11 0.10 0.10 0.05
2 0.22 0.20 0.15 0.15
3 0.33 0.30 0.20 0.25
4 0.44 0.40 0.25 0.35

2.2.3 CAEKAE N o FF 4 55 5 E AR 4L
2.2.3.1 Ca®" X L-LM= BN W

HE CaCOs ¥ E 0g/L. 1.0g/L. 2.0g/L. 3.0g/L. 4.0g/L. 5.0g/L. 6.0g/L.
7.0g/L # CaClo ¥ Og/L+ 0.5g/L. 1.0g/L. 1.5g/L. 2.0g/L. 2.5g/L. 3.0g/L i
TRELARERR, KL&£HR22.2, B 4~6h W INE KB R ZH pHZE 5.0~
5.5 EA, UERBEP L-ARTE.
2.2.3.2 (NH):SO K EST L-AL R B EW

BL2.23.1 REFTBBME Ca WRENERM, BNH),S0: RFEWE 1.0g/L.
2.0g/L. 3.0g/L. 4.0g/L. 5.0g/L\ 6.0g/L #TREERRAY, B MKEHM=4HF
7%, FERL, RUERBHEFL-IAREE.
2233 ENEAKRES L-AR=ENZW

BL2.2.3.1 F12.232 R FTBBAE Ca¥ FI(NH,), S0, WK B H R, 4 513%H
MgS04-7H,0 ¥ B 0.05/L. 0.10g/L. 0.15g/L. 0.20g/L+ 0.25g/L. 0.30g/L+ 0.35
g/L+ 0.40g/L\ 0.45g/L; ZnSO47H,0 ¥ 0.11g/L. 0.22g/L. 0.3 g/L. 0.44g/L.
0.55 g/L; KH PO, 0.05g/L. 0.10g/L. 0.15g/L. 0.20g/L. 0.25g/L. 0.30 g/L
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& NaH;PO4 % 0.05g/L. 0.10g/L. 0.15g/L~ 0.20g/L. 0.25g/L. 0.30g/L i 7
BERAEL, RELHGRL, 8BMREBR=Z4H4FTLR, RURBRF L-AB S
E.
2.2.3.4 DEAKEANFHAHEZTRR

EREERBERM L, #ENH)S0s NaHPOs KHPOIKE=FEE %
EXREEFRE, UL-ARTFEBAHERIER, EBRLGHEXRH#TRYE, EH
HESWEINLRER, ERNE2 3R HPEFELLRS UG HEHBEE
BIRAKF A ER.

%23 EXRREEKTR

Table 2-3 Factors and levels of orthogonal test

K A B C
(NH4)2S04(g/L) KH,PO4(g/L) NaH,PO4(g/L)
1 1.0 0.05 0.05
2 3.0 0.15 0.15
5.0 0.25 0.25
23 £R5itie

2.3.1 BACaCO:fE b F#15)
2.3.1.1 HEBHREXNL-ARTENEW

—a—L-1B
1 80
70
- 1 60 ~
c) g
K, 50
& 1 40 g
E_f 1 30
420
10 110
0 0
80 100 120 140 160 180
WEHE (g/L)

22 MEFEREXN L-ARFRAEW
Fig.2-2 Effect of the glucose concentration on the L-lactic acid production
B E2-27 40 B ERERE /DT 120g/LE, L-FLER7™= B B % 0 vk 5 19 38 Jm
MRERS, BAERFEHREACHNELT, EAEKRINEHUETL-AR
ERERED: HHEEERERH120g/LE, L-ARMNEHENBLELI R K,
LEHABREKRTI120g/L, L-ARTBOEREM, BEL-ARNAERNEL
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EHZEEH T, Bidl60g/Le, L-ABRFERNBEHENELELETR, &
FHAWKERELE, EXRITEE, 5IEHEREEHE, NEHEHRSG.
EYHARRENEEREFEIREW, BE~YRERK, BAENEY
WaE, FHik, ENHERERESBFEAEKRE. “YERER. ZE2
FARLABMNBEERE N120g/L, WEL-AB™EKH90.60gL, HEHEH

75.50%.
2.3.1.2 (NHq):SOR EX L-ALER = B K 2 W

100 1
95 I
% -
85
80 |
75t
70 r
65
60

L-¥LE(g/L)

o 1 2 3 4 5 6 7
(NH+)22S04(2/L)

2-3 (NHy),SO, R E St L-A MBI EW
Fig.2-3 Effect of the (NH,4),SO4 concentration on the L-lactic acid production

RETERATHREAARY R (NEER. EAK. GRE) AFER
WY, HE2-3T 4, FEEWNH)SOMKEREM, L-AMTELELARTE,
24 (NH4)2SO4KE H4.0g/LETL-FLER A= B B« (NH4)2SO4K & 1K F4.0g/LEY,
FREARSBEGEKAERE, NTISHL-ABFERE: (NHe)SORERET
4.0g/Li, RESRFHAEELTH, FBL-ILBR=8 T M. Hik, 5 H(NH),S04
WRE H4.0g/L.
2.3.1.3 MgSO4 TH, O EXL- AR =2 X W

BERELBUBEREER, RERE —SBEEHS, CHRERBEEYAE
BEYRHZME. BE2-47 40, YMgSO4TH,0 E /N F0.25g/Lit, L-F B~
B ARHE; FEEMgS0, 7TH0 & M 0.25g/L3% in$)0.35g/L, L-FLERF= B H
BHN; MMgSO,sTH,0K EEid0.35g/LEt, L-AMT™BFHRTHR. £4%E
ZEHEEE, %EO0.35g/LIE K LACaCOsE K o F 5§ B EMgS 0,4 TH,0 & .
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95
90
85
80 -
75 +

L-FLAR(g/L)

70 -
65

60 L L 1 1 i L L J
005 01 015 02 025 03 035 04 045

M¢g80,.7TH,0(gL)

2-4 MgSO,TH,0 IREX L-AR™ BN X W
Fig.2-4 Effect of the MgSO4-7H,0 concentration on the L-lactic acid production

2.3.1.4 ZnS04-7H,0% & X L-3L B2 7= B i) & W

1

0 0.1 02 0.3 04 0.5
ZnS04.TH20(g/L)

B 2-5 ZnSO47H,0 K EX L-ALR~E M W
Fig.2-5 Effect of the ZnSO,4-7H,0 concentration on the L-lactic acid production
RETRARBESALKAFRIRFATRRNEAT, dB2-57M,
ZnSO, TH,O% B %10.22¢/LB, L- A= BB R, K TRET0.220/LK, & #
ERAL-AREBEERAEM. |
2.3.1.5 KHPO M L-AL R = B K & T
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95 -
% |
85
80 |
5L

L-A.B(gL)

70 +
65

60
0 005 01 015 02 025 03 035

KH2PO4(g/L)

2-6 KH,PO, R EX L-AL R BN WA ,
Fig.2-6 Effect of the KH,PO,4 concentration on the L-lactic acid production
HEREHERK, BAYARNEEERE AMEFARNEERE. bE
2-6T 41, M¥KH,PO.%0.15g/LE, L-ABFEEE. K'IREXNXKIBEHEHNE
KERKEW, YREBEPASKHN, KREFK/ILEAEK, REEE—%E
Bet, BALEKEYE. ZRIASZEENXRZ®W, EF0.15g/LEXNZERIF
EAPE, BEXEXRREREXLRERE.
2.3.1.6 NaH,PO X L- AL B ™ B ) & W

100
95
9 |
8
80
75 r
70 r
65
60

LS8 (e/L)

0 005 01 015 02 025 03 035
NaHzPOs(g/L)
A 2-7 NaH,PO, R BEX L-AL BB Z W
Fig.2-7 Effect of the NaH,PO4 concentration on the L-lactic acid production
HE2-7T 40, XNaH,PO,#0.20g/LE, L-ARFERFH. EREZTHRH
FEFEEM, %2020 g/LEENZE RN T EATPE, BEdERXRRERELRE

WE.
2.3.1.7 B CaCOs fEAFHAMERRB LR

19



R24LGHEXRERFTRRLRLE RN
Table 2-4 Design and result of orthogonal test L;s (37)

®
z5 A B 2 ¢ b =y LB
(g/L>
1 1 1 (0.25) 1 (0.11D 1 1(0.05) 1(0.1) 1 74.30+0 .38
2 1 2 (0.35) 2 (0.22) 2 2(0.15) 2(0.2) 2 94.50+0 .25
3 1 3 (0.45) 3 (0.33) 3 3(0.25) 3(0.3) 3 79.05+0 .46
4 2 1 2 2 2 3 3 88.15x0 31
5 2 2 3 3 3 1 1 89.95+0 43
6 2 3 1 1 1 2 2 83.59+0.27
7 3 1 1 1 3 2 3 87.25+0.29
8 3 2 2 2 1 3 1 85.650.18
9 3 3 3 3 2 1 2 84.85+0.30
10 1 1 3 3 2 2 1 87.28+0 .41
11 1 2 1 1 3 3 2 91.54+0.51
12 1 3 2 2 1 1 3 85.89+0.36
13 2 1 3 3 1 3 2 84.65+0.24
14 2 2 1 1 2 1 3 90.90+0.37
15 2 3 2 2 3 2 1 80.60+0.34
16 3 1 2 2 3 1 2 80.90+0.21
17 3 2 3 3 1 2 3 90.25+0.22
18 3 3 1 1 2 3 1 88.52+0.35
ki 85.43 83.76 84.95 86.02 84.06 84.47 84.38
k; 86.31 90.47 88.46 8595 89.03 87.25 86.67
ks 86.24  83.75 84.56 86.01 84.88 86.26 86.92
R 0.88 6.72 3.90 0.07 4.97 2.78 2.54
K25 HESHE
Table 2-5 Analysis of variance
T ERE sS af Ms F BEH F,

A 180.23 2 90.12 20.56 *x Fy01(2,2)=10.92

B 55.36 2 27.68 6.32 b Fo05(2,2)=5.14

Cc 85.41 2 42.71 9.74 * Fy1(2,2)=3.46

D 23.84 2 11.92 2.72 [*1

e 26.30 6 4.38

T 371.14

BEXNEXERERMTM, UHENENL-AR>BEWKEE IR
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F¥ 3 MgS04-7H,0>KH,P04>ZnS04-7H,0>NaH,P0s, 3 1 MgS04-7TH,0XFL-FL B
HEEEZME W, ZnSOs THOMKH,PO,H EE X W, NaH,POREEE T W,
HE2-4T 5, TABCD&HT, L-AMTERH, H94.50g/L. EHEXRR
BRIF, ABCD A BRETNEEM, NBELHERERN: MgSO,7TH0
0.35g/L, ZnSO47H20 0.22g/L, KH;PO,40.15g/L, NaH,PO4 0.20g/L.

2.3.2 BANaOH1E & 5 f1 5

2321 Ca®*"REXNL-AMTENEW

0 05 1 5 2 25 3
CaCl (g/L)

El2-8 CaCLIREXNFRENE W

Fig.2-8 Effect of concentration of CaCl, on the L-lactic acid production

0o 1 2 3 4 5 6 1
CaC0s (g/L)

2-9 CaCO; X =R B K1 W
Fig.2-9 Effect of concentration of CaCOj3 on the L-lactic acid production
Ca'EH 4B EKNELRNEAIBETEEFERNEZNIEM. 4RW
B2-8, 2-9F77~: HmMCa”EL-AR=BEERH, HIMNCaCO;MCaCl/5L-1,
B B4 BRI nCa* H18.815 F6.615 .
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HE2-840, BEECaCLIREMM, L-ARFELE ELAE TR, THREAK
BHCINEAEREIEA, HEARACCL; HE2-9741, FEECaCOsR &
e, L-IMEEANIEE, 2RBEECaCLEERE, ¥EA2.0g/L CaCO;, H
CaCO; B TERBEHEPUIIE, AT ELEMMCaCOHE.
2.3.2.2 (NHs):SOREXN L-ALER = B K W

45 -

40 L
35 +

i l//{\{‘{

525—

2ol

LT
10 +
5 L

0

0 1 2 3 4 5 6 7
(NHs)22804(gL)

A 2-10 (NH,),SO, ¥ B Xt L- AL M7= B ) ¥ W
Fig.2-10 Effect of the (NH,),804 concentration on the L-lactic acid production
B & 2-10 AT 41, L NaOH % 1E 0 F MAIB, (NHe),SO4¥KE A 4.0g/L i,
L-AM&=ERH.
2.3.2.3 MgSO47H,0 R EXT L-ALRR =B W
45 r

40 -

L-3L¥(e/L)
B &8

8

15
01 015 02 025 03 035 04 045 05

MgSO4+TH20(g/L)

B 2-11 MgSO,7TH,0 3t L-SLR=B K& W
Fig.2-11 Effect of the MgSO4-7H,0 concentration on the L-lactic acid production
BE 2-11 TEEH, U NaOH BHBENKRE KRB~ L- AR P A6,
% MgSO47H,0 HETE 0.35¢/L LATFH, X L-ARFEEZWAK, BEART
BRI, AEM MgSO47H,0 i, KREBEE/LFAEK: 2 MgS047H,0
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WEKTF 0.35g/L B, BEFE MgSO,7TH, O REM M, L-ABR=ET%. Hit,
%E 0.35g/LMgSO47TH 0 fEA ZEERN R EAKFE, BIERRRERELER

HEWRE .
2.3.2.4 ZnSO4TH,O IREST L- AR EMNEW

0 0.1 0.2 03 04 0.5 0.6
ZnSO04*TH20(g/L)

B 2-12 ZnSO, TH,O WEX L-ALR=E ¥ W
Fig.2-12 Effect of the ZnSO4-7H,0 concentration on the L-lactic acid production
HE 2-12 T UEH, ZnSO+TH0 RIME BN KB BEKREKM L-FLR™
EHRARW, X ZnSO,TH,0REXT 0.11g/L i, L-AR=EZUAK, H
B ZnSO47TH,0 E KN 0.22g/L i L-AMFEBRBH, ZAEXBEHEEEW,
HH 0.22g/LZnSO4TH,0 fEA ZE EM S EKFE, EdEXRABRERERE

HERE.
2.3.2.5 KH,PO Xt L- LR =B KW

45(
40 +
St I//\s—{\l
&
® 30 |
-
25 +
20 L 1 4 AL
0 005 01 015 02 025 03 035

KH,PO(gL)

B 2-13 KH,PO, R EXT L-AAR= B E W
Fig.2-13 Effect of the KH,PO, concentration on the L-lactic acid production

H 1 2-13 AT &1, KH,PO, ¥ EEM 0g/L 3 0.05g/L, L-FLE= & M 6.26g/L 1
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N E 32.63g/L, ¥4 KH,PO43KE KT 0.05¢/L bf, L-FLE = E AL A K, KHaPO,
WERX0.15g/L i, L-ABFERR.
2.3.2.6 NaH,PO, ¥t L-I BB EH W

0 L 1
0 005 01 015 02 025 03 035

NaH,PO,(glL)

2-14 NaH,PO, R EEXT L-A R~ B K& W
Fig.2-14 Effect of the NaH,PO, concentration on the L-lactic acid production
B 2-14 T4, UL NaOH BRIEXKRERE™ L-LRAPAAN, M
% NaH,PO RN, L-FLERF= B M/E T M, % NaH,PO4 ¥R E R 0.10g/L
3 0.20g/L B, L-A M= BIJLFEARZM, FEFREFHER, B 0.10g/L NaH,PO,
A ZREHFRAPE BEIEXRREREXRERE.
2.3.2.7 B NaOH ¥/ 4 A7 8 EX A K
F26Ls()EXLRTRRERERA
Table 2-6 Design and result of orthogonal test Ly (4%

A&

L-3. %

A B 2 5 C D (oL
1 1 ¢0.11) 1 €0.15) 1 1 €0.10) 1 €0.05) 32.78£0.15
2 1 2 (0.25) 2 2 (0.15) 2 (0.15) 32.91£0.26
3 1 3 (0.35) 3 3 (0.20) 3 (0.25) 32.38£0.17
4 1 4 (0.45) 4 4 (0.25) 4 (0.35) 30.79£0.52
5 2 €0.22) 1 2 3 4 32.02+0.36
6 2 2 1 4 3 32.60£0.24
7 2 3 4 1 2 36.62+0.42
8 2 4 3 2 1 34.4240.25
9 3 (0.33) 1 3 4 2 32.3440.35
10 3 2 4 3 1 32.57£0.22
11 3 3 1 2 4 33.37£0.39
12 3 4 2 1 3 34.1240.11
13 4 (0.44) 1 4 2 3 32.21£0.37
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14 4 2 3 1 4 32.68+0.24

15 4 3 2 4 1 33.27+0.27
16 4 4 1 3 2 32.53+0.38
ki 32.215 32.338 32.820 34.050 33.260
k; 33.915 32.690 33.080 33.227 33.600
ks 33.100 33.910 32.955 32.375 32.828
kg 32.672 32.965 33.047 32.252 32.215
R 1.700 1.572 0.260 1.800 1.385
K21 HESHR
Table 2-7 Analysis of variance
J5 2= RIE SS df MS F BEH F,
A 6.27 3 2.09 39.43 *¥ Fy01(3,3)=29.46
B 5.45 3 1.82 34.34 4 Fy05(3,3)=9.28
C 8.42 3 2.81 53.02 ** Fy.1(3,3)=5.39
D 4.29 3 1.43 26.98 *
e 0.16 3 0.053
T 24.59

BEERERERTH, UHEHNEN L-ARTEZHNEEEITFN
NaH,P0>ZnS047H,0>MgS04- 7TH,0>KH,POy, H F MgS04-7H,0. ZnS047H,0
1 NaH,PO, HIEHEEZW, KL PO, HEEZ M. B1XK 2-6 T 41, 7 A,B;C\D;
ZBTF, L-AB~ERHE 36.62¢g/L. 2 EFRDLREIE, FiFH NaOH 1 h KR
ERE” L-ABRP AN, REXHERABBES H: NaHP040.10g/L,
ZnS0,4-7H,00.22g/L, MgSO047H,00.35g/L, KH,P040.15 g/L.

2.3.3 PAEKAER T A
2.3.3.1 Ca¥" S L-AL B R BN EW

LR KAE DR, EREZEFEFMAREERCaCOs M CaClLit TR
RB, £RWE2-14. 2-15F7R: HIMCaCO;MCaCl/FL-FL M= &4 5l & RiF
MCa¥ 8.5/ M5.34% . hE2-1440, PEECaCLIREH M, L-ABR>~EBXE LA
FEFH, THEERKRENCINEXREEEIER, HEARAMACCL; HE2-15
W&, BECaCO;ZEMM, L-ABRTEANNE, SRBECCLEERE,
¥ 2.0 g/L CaCO3;, HCaCOsHEXRBETIIRE, XTETLEFMA, WELHM
CaCO;;Fﬁio
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L-3LA8 (g/L)

o o5 1 15 2 25 3
CaCl (g/L)

E2-15 CaCLIREXN R ERNE W

Fig.2-15 Effect of concentration of CaCl; on the L-lactic acid production

0 1 2 3 4 5 6 71 8
CaCOs (g/L)

B 2-16 CaCO; REXN =R EMN X W
Fig.2-16 Effect of concentration of CaCO; on the L-lactic acid production

2.3.3.2 (NH):SO4 IR ES L-AR&=EHNZ W

FRHEKEIXRRERE L-ARFAAN, AEEANRNEKERKER
hEKREAK N, THEAEHIELRBENRE. 6E 2-17 W&, BEE
(NH4)2SOs R EEH I, L-SLERF= B AU T M, Z(NH,),SO0, KN 1.0g/L B, L-
I Bk B8 B E . M H CaCO; 1 NaOH 1 K o F 77 i 0 U5 ¥ B2 F B% 3.0g/L.
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37 |
35
a
23
5 31
= 2

27

25 1 1 -1

o 1 2 3 4 s 6 1

(NHa)2S04(g/L)

B 2-17 (NH4):80, R EXf L-AL B B8 & W
Fig.2-17 Effect of the (NH4);SO4 concentration on the L-lactic acid production

2.3.3.3 MgSO0,47H,0 X L-FLER =B & W

[

-

0 005 01 015 02 025 03 035 04 045 0.5
MgSO4.TH20(g/L)

LM (/L)
BRBRE2RYBES &S

2-18 MgSO4TH,0 R E X L-AL MBI W

Fig.2-18 Effect of the MgS0,4-7H,0 concentration on the L-lactic acid production

HE 2-18 A4, ERAEKBEBE D PRFAE, MgS0s7H,0 M 0.05g/L F
0.35g/L, L-ARTEE® EFA: %4 MgS0.7H,0 W E#Eit 0.35g/L bf, L-ALE
FERETME, FHIHE 0.35g/L % MgS0,7H,0 B4EKE.
2.3.3.4 ZnSO04-TH,0 X} L-A B =B K& W

2-19 RAEKAE AR F A B ZnSO47TH,0 W E ST L-FLEFER W, K
0.22g/LZnS04-7TH,0 1 X % R EH)KF [ .
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B 37
34 r
31 r
28

/L)
& &

LI

ZnS04.7TH20(g/L)

& 2-19 ZnSO,7TH,O0 R EX L- AR BRI W
Fig.2-19 Effect of the ZnSO4-7H,0 concentration on the L-lactic acid production

2.3.3.5 NaH,PO, ¥ L-ZL. M= ENE W

49
46 -
43
40

W W
Q
T

| LAMEL)
o

e

0 005 01 0I5 02 025 03 035
NaHzPO4(g/L)

B 2-20 NaH,PO, R X L- AL~ B W
Fig.2-20 Effect of the NaH,PO, concentration on the L-lactic acid production

B 2-20 AT LLE H, NaHPO, W EST - E RN Z mAN LB FE,
% NaH,PO,3REH 0.15g/L i, L-AR=EXBEHE.
2.3.3.6 KH,PO, X L-AL BB E W

HE 2-21 TUESE, FMAEKPRRBAEROIR, U L-AR™EA

fe¥5, KH,PO,IBREWRE R 0.15¢/L.
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5885 & &

W W
~
T

L-FLB(g/L)
b

;

25 J 1 . i i 1
0 005 01 015 02 025 03 035

KH:PO4(g/L)

, 2-21 KH,PO IR XY L-FL B~ B ) R
Fig.2-21 Effect of the KH,PO, concentration on the L-lactic acid production

2.3.3.7 LVEUKIEN P RFMIER AR
F£28L, (3" EXERFTRRERE RN
Table 2-8 Design and result of orthogonal test Ly 3Y

, B %
A B C 2% L-#® (gL
1 1 (1) 1(0.05) 1 €0.05) 1 44.47+0.09
2 1 2(0.15) 2 (0.15) 2 46.88+0.32
3 1 3(0.25) 3 (0.25) 3 43.51+0.33
4 2 (3) 1 2 3 40.86+0.18
5 2 2 3 1 41.57+0.40
6 2 3 1 2 40.63+0.15
7 3 (5) 1 3 2 40.56+0.25
8 3 2 1 3 41.14£0.30
9 3 3 2 1 40.80+0.27
ki 44.95 41.96 42.08 42.28
k 41.02 43.20 42.85 42.69
ks 40.83 41.65 41.88 41.84
R 4.12 1.55 0.96 0.85
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K29 HESHR

Table 2-9 Analysis of variance

i ERR ss af MS F BEH F,
A 32.44 2 16.22 29.85 , Fo01(2,2)=99.00
B 4.03 - 2 2.02 371 Foos(2,2)=19.00
c 1.56 2 0.78 1.43 Fo1(2,2)=9.00
e 1.09 2 0.55
T 25.76

BN ERERERMTTHL, URKEIKBERES L-AR+P A
i, (NHe)SO4KEX L-IAR=EHFREZ W, KH,PO, M NaH,PO, X L-FL B
EEEWHAK. HE2-8TH, £ ABCEMHT, L-AR™ERZH 46.88g/L,
2 EERRBIE, FIH NOHBERENKBRERE L-ART RN, &iE
EHER AR K : (NH4),S04 1.0g/L, NaH,PO4 0.15g/L, KH,PO,40.15 g/L.

2.4 XBENG
B EERRMERRE, UL-FALBRmEERER, 253 EL CaCO;,
NaOH ¥ 98 2 7K ¥ W45 o o A5 £ 35 5% 2 4 B AT R4
(1) BA CaCO; &K MFE i BN R B IR 2
#2%5120 g/L, (NHg)2S04 4.0g/L, MgS04-7H,0 0.35 g/L, ZnSO4-7H,0 0.22
g/L, KH,PO40.15 g/L, NaH;PO40.20 g/L.
(2) DANaOH¥& K 1E K o R ) B AR R B 3 o 2 -
H%$5120 g/L, (NHy)2S04 4.0 g/L, MgS04-7H;0 0.35 g/L, ZnS04-7H,0 0.22
g/L, KH,PO40.15 g/L, NaH,PO40.10g/L, CaCO;2.0g/L.
(3) LIE/KBEBENPRFNRIN LB EFE:
H %% 120 g/L, (NH,);S04 1.0g/L, MgSO04-7H,0 0.35 g/L, ZnSO4-7H,0 0.22
g/L, KHPO40.15 g/L, NaH,PO40.15 g/L, CaCOj32.0g/L.
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B8 ARFHREMETRE® LARNIZEHHR

EXRBEBETL-ARIBYT, BT ANERML-ALBRE KR pHE &
MK, BEKREEAEKAL-AREEFZEMEER, HHABARIM
AN R B P ERFAAERKL- AR, 54 £ —BKAHCaCO; R+ /M E MK
WL-ALE, UEFRMpHE. BERMARSANEMNTL-ARS HRRNE
B, BWMERRE, FEERTENER. B, RARBHLZ, BREL
CaCOFAAMHARAF L4 EEMRELRN, AEASAREFBHAGAE
BEXE, BEMHNARARENRTAANKREFENERN=REWE
HRAARE.

SRELREBRBNMEY —F, ARBEKESEEER, TEFHL
(ER) « BRARRREY. KREFANERKREZIASHERNOLMA:
BihA G, BRENENR, HFEMpHE, KA B, ENEVERRK
B, XREAANFRpHEEZHT, £XKRAFHESN, L-ARTEBHZIZ W,
BURAMPRALRN, BEESHERERK.

AEUL-AR&BAEE, FETKRERETL-AROKEpHE: #RE
T FINaOH® K - E /KA CaCOME R P RFIR M REKRE, BERERE
EEER LR TEARSNERT RN HETR.

3.1 HEEFE
3.1.1 B
KBBAISIVN(ERIVAK%EYERGIBRERABLRERKEMN),

BHEEPDAEFEL, 2N ARE K. RTHPDARFRE™ L, HLEAE

KETHRTFHAER.
3.1.2 &
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ERE M I

K S M 4t EEFRULTEBAR

R AR ST el TEHEALT
W& S ol IR kmameET

. St IRk AmET

LtKEWMBE T4 KaEEEUIERAH

tKETRBREE ZaLiiga! REFBUTHERAE
&R S HT 4 tEHFELT]

BB AW ST IRk ET
W 53 4 Rgdisd THERAR
DNS S 4 tRHEEET]

2 oLV IEA B RFFRAF
%R Sd rtEFELT
whE AR , ML ERRT

T A WA RR
R vk I REBALESHIEBEARAARITF K P L

BEARESN AT 4k RKEFHATHFRALF

3.1.3 FE®RE
N R LT BN
SWO-CJ-CO Bk & HREALRAF
HZQ-F160 B EFFH WBRETREBTEAFRERAF
YXQ-SQ46-2808 £ B AERNE LA KE# IEZRAETFTERTRLAA
BCD-232 RIyk#H FKEZER
KiE BE£A
DHG-9240A VBB TIEH AR KRB R
EREEATFE O %X Beckman A 7]
721 R EE LEBE=SWE
AR1140 BB F K Chaus Corp.Pine Brook.NJ,USA
515 BABAR X Waters 23 7]
Photodiode Array Detector Waters 2 ]
L BB REERS BETAFEYIBEREHARAR
3.1.4 ¥EFRE

BaFFEFE: K214,

PACaCOfE X A A BT FRE N HEH120g/L, (NH,);S044.0g/L,
KH,PO4 0.15g/L, NaH,PO4 0.15g/L, ZnSO4-7H;0 0.22g/L, MgSO04-7H,0 0.35g/L,
CaCO; 60g/L.

PANaOHPE B PRI I R BE S TR 28

EHOBRBIRE R HEE120g/L, (NH,)25044.0g/L, MgSO4-7H20 0.35g/L,
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ZnSO047H,0 0.22g/L, NaH,PO4 0.10g/L, KH,PO,40.15g/L,

BRI BT WEHHS0g/L, (NH,)28044.0g/L, MgSO47H,0 0.35g/L,
ZnS0,4-7TH,0 0.22g/L, NaH,PO4 0.15g/L, KH,P0,0.15g/L.

IR KEAP AN RBEEFRE.

ERMREREFEE. FHE120g/L, (NHy)2S041.0g/L, MgSO4TH,0 0.35¢/L,
ZnS047H;0 0.22g/L, NaH,POy4 0.15g/L, KH,PO40.15g/L.

BREANEIE TR B H80g/L, (NH,)25041.0g/L, MgS0,4-7H20 0.35g/L,
ZnS047H,0 0.22g/L, NaH,PO4 0.15g/L, KH,PO40.15g/L.

3.1.5 ¥EFFE

BEAEEF: % 250mL =AK 20%ERE, 121°CKHE 15min, 10%f
BEME, %% (200£5) r/min, (32+0.5) CHKEFE 72h,

ILREBHREE. BWESL/ILABE; ESE6L/min; HHHEE300r/min;
pHAE : FINNaOHE ¥ « & /K ¥ W2 HlpHTES.5£0.2Z& 4 5 (3240.5) CF #58 72h.

ILRBHLESRE: EWESL/ILEB#E, EXE6L/min; HHEEE
300r/min; pHME: WIINaOH¥E W . E KB WEHIpHES.5+024 %G BEEH
7E (3240.5) C. BHHRBET2h, JFLEH#LIK KB 240,

3.1.6 KUk
3.1.6.1 RE#EP L-ARFTENE

¥ H HPLC ¥, [ 2.1.6.

3.1.62 REETEEENE: 3,5-"HEKE® (DNS &%) 1,

(1) BHE: ERHELGT, TEES 3,5-ZHEKBHER (DNS) F#, 3,5-
CHEKGBRETEN -EE-S-HEKBR RL4BYR), TEEUNEEL
BREBREECTY. E—EREAR, CRENESKFRLAYRACKERNER
B—EMLBIXE, £ 54mm B TR EIFLEYRKIHELE.

(2) Img/mL B & BEIRER: BRI 100mg T AH &R (FEE 80C
WEEE), EFPEKD, APERXBKEBRE, TEEBI 100mL AR
W, URBKERZEZE, B, KEPREZH.

(3) 3,5-“ T EKBGRR RN : # 6.3g3,5-ZHEKEZEM 262mL2mol/L
NaOH %, ME 500mL &% 185g HAHBRHFMWKNRKERF, Bmsg L™
Mg URmEBe, HHARE. AHEMERBKEEZ 1000mL, BFREART
H.

(4) BIEEEERERLSL: W7 X 25ml ZIFERE, %5 0~6, S E
EL 0. 0.2, 0.4, 0.6, 0.8, 1.0, 1.2mL HEHBFEREERT 7XAEF, HAE
WA ZE 2.0mL, R/FEMA DNSEAF 1.5mL. B EERS, FEHKB PN
S5min, MHEZNAHEZER, BUXEBKERE 25mL, B, 7 540nm ¥
KT, BOSHERE, 93ER 1~6 SEMRNEHE. UBREE NN, FH
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BETHEAEALE, L6 REHRL (B3-1). £02~1.0mg BEA, BEEN
WML TREN:
y=0.5819x-0.0002, H %A% R*=0.9987,

(5) BEREEENE: M—F 25mL ZERE, A 2mL ELURBB O
L B 1LSmL3,5-ZHE KB RAN, HKREDSHETEREIREHL
RAR. BIREHEZERSLERESE.
3.1.6.3 £y RN

KREBRTE, B4k, BRERREETKE 2~3 KBEEREH
CaCO3, E 60 C~80C WTHRATHTEREE,

07 r ¥ = 0.5819x - 0.0002

06 | R?=0.9987

05 |

04 |

8

03 |

02 |

01 F

0 1 1 i 1 F

"0 0.2 0.4 0.6 0.8 1 12
MEE (ng)

B3-1 RRFESERERL

Fig. 3-1 Standard curve of glucose content

32 XBRFE
3.2.1 pHIEX RIR B W 4 KW HIBTA

FRHEKEIPRA, EL7LEXBRRHREKBEREEKpHE. RARE
BFEERSBITER, MMEKEREEEPpHES H12 E75.0£0.2. 5.5+0.2,
6.0£0.2, HEIEEXREBEEKRS, 2hEMEL-ARFE. UL-AR™E
hIEtR, HEREpHE.
322 FRARESNL-ABR=EHNE W

EEERFERSEME, 2 5EH2mol/L. 4mol/L. 6mol/L. 8mol/L.
10mol/Ly 12mol/LNaOHE B 5% 10%. 15%. 20%. 25% KB R REH &
B MpHME, 7LRB® &S EB2h, UL-ARTENERRHESREE
NaOH ¥ 7 1 87K B MoK B 5 4 BB 40g/L+ 50g/L+ 60g/L+ 70g/LF180g/LCaCO3
HITREAET2h, UL-ARFEHER, WERECCOFME.
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3.2.3 PRIFIMKBREHEBSHZ W

EBREPAFKRENRT, MKREFENHSLITEE, LB EH
NaOH¥E W . B/KBER. CaCOENFRFNEARETHAR.
324 RBEREFL-ARG HEAR

EEETRAKRELEME, 25 ANaOHBE . EKBEB. CaCOstEN
MAFIEILE BT HITRE, BRESL. RESRSHEFHMT: (1) &S
Fpe. B E15L/min, BEHEE300r/min. (2) pHE: H3h¥ M+ M ZH
7E5.5:02k 4. (3) REEBE: 32£0.5C. 4 5I7E0h, 6h. 12h. 18h. 24h. 30h,
36h. 42h. 48h. 54h. 60h. 66h. 72hEUHE, WERBBFL-AREE. REER
REYE, SHFHHF¥F#HZE.
3.2.5 &G RBRRTE

EEEDFARELERM L, RMNaOHE B EKEBIEN P RAAEILR
B TR RE. EHRBI2L, RBRERE, FLRHEEHATRETA
BEER, BRERBEEEELIMPES, BABBRMNREOEY, &id
BOMANREEOH SRS SRR, SEEHNEREE, WHERR

BETHIK

33 4R 51t
3.3.1 BEpHEHE
ERBES, BT 83RE) P RAEpHS A 42 B £5.0£0.2, 5.5+0.2,
6.0£02, EBTpHEMNKBEHARANL-LAR=EKNZH. WR3-1HR.
#£3-1pH EMBEHEESH=RENZ W
Fig.3-1 Effect of pH on morphology and L-lactic acid production

pHIE BHTE ﬁﬁiﬁfw EYR (L) L'iﬁ? ®
5.0£0.2 BEE (2~3mm) 24h 8.16+0.85 57.35+0.95
5.540.2 B (1~2mm) 36h 9.22+0.76 80.61£1.02
6.0£0.2 B (1~2mm) 36h 8.63+0.49 72.68+0.68

B 3%3-157 7R, pH5.0£0. 20 B BR 7% A BY (M) 24h, pH#5.5£0.24 6.0£0.20f &
BRI B (] 25 4 36h, pHAS.0+0 20 BERAIX R K, REMFELR, HpHE
BALMEEEEKRL-ARNER, HEL-AR™=BH57.35¢/L; HpHN
55402, 6.0+£0. 28 B ER W K 1~2mm, {EpHAS5.5+0.28F L-FL.BR ™ & %4 80.61g/L,
Bl 26 B pH % 5.5+0.2 0 K R B B E £ KpHE .
332 FHMFIRENL-ABR=BAOER
3.3.2.1 NaOHWK E X L-FL.IR = B 1 & W
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FEILR B H# P X NaOHKR FE#ATHRA, &R WE3-2; 72 ~10mol/LIEE A,
L-IBRFEBEENOHKER K MHE, SWARETAERKEGCEN, BN
NaOHIEI Z FBABEAGHESFL-AREHRE, AENaOHE LM EETRA
FARBREHAEKML-ABAER; WAL 10mol/LEL-FLE=E TR, gL
ENaOHRE RGN, WEHE, AN RBEEARBBERK, YEHAHE
EEAER SBHIEART, FRESAERLD, NTTHEL-ABREEAN K
>, HbiEF10mol/LABERE, EHKE TL-ABF~E H74.34g/L.

5 8 3 3 8

LA® (g

8

0 2 4 6 8 10 12 14 16
NaOH(moV/L)

Bl 3-2 NaOH WXt L-ALBR ™= B H ¥
Fig.3-2 Effect of the connection of NaOH on L-lactic acid production

3322 EKEESBEXNL-ABR~EHZ W

%-
80-
70
560 F
~
Z‘?SO-
®
T30
20
10 +
0

0 5 10 15 20 25 30
K%

B 3-3 EAKKREN L-AR&-EHE W
Fig.3-3 Effect of the connection of NH3-H,0 on L-lactic acid production
HILKEE TN EKRESZOETHA, SRME3; EBEEKRENE
fiipn, L-AER~ERK LA, STREAEKSNEPMERES£HL-2,
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B, ETUENRERFIAREFSINAK, L-ARNFESBEBREANpHAE
TR, EAKRAMFAREE, REBPNH S KRERUEMN, NH —8B2ESE
BHABRBESEKTAH, — 0P AL-ABTAL-ABE. HEEKTRRE
KBRERBEFL-ABRLUEEEANTIOR. ATTEHREEXEERESEN
25%, BBLEFE25%E K, HIKFETL- LB~ 480.61g/L. .
3.3.23 CaCO; R EX L-HLB~BHE W
BEAERBPREMAFEIRERCaCO;KEECaCO;REXML-LB=ENE
W, CaCO3¥KE 4 HIE30g/L. 40g/L. 50g/L. 60g/L. 70g/L. 80g/LF190g/L,
GRMEI4FR. L- LB EMEECaCORBENMMEN £ LFE THRAR,
7E30~60g/LYEE M, L-ABZERK LA, BACa» NMERHEFEAHEL,
MARETEWERERSEFHLTREKNRENI N RAHIEH, NTE
L-J M=, #£60~90g/LERE AN, L-LB=EFHTME, HAHCaCoO;RELH,
FR—BLERERR, BRBLEERE, SEERESZD, L-IAEFETR.

100
90 r
80 r
70 i
60
50 f
40 r
30 -
20

L¥LBR(e/L)

20 30 40 50 60 70 80 90 100
GaCOs(g/L)

3-4 CaCO; X L-AR™EHNE W
Fig.3-4 Effect of the connection of CaCO; on L-lactic acid production

3.3.3 WA E AR SN EH

{£ 1 10mol/LNaOH. 25%NH; H O W K REX B~ L- LRI+ A, #EL
KEEHEREBE72h, KEREBEEEY, KREFEXAFLA IR, TEFREDR
%, MEACaCO:fEAF AN, RERLREMBFACICOBERRTE,
LREEH#ATEISAhN, KEETFARGSELS, HABRURR, FRELES
g, RPEKEATRFN, KREXHEELERAES, NaOHEN R RFA .
HERMEAD, CaCOMEATMAINEFERTIZHR, F—HIHHABR. W

R3I2R.
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32 AAPHFINEFHEORS

Table 3-2 Effect of neutralizers on morphology

o 7 GRS BERFE AR (h) Eya (g/lL)
NaOH B (0.2~1.2mm) 24h 9.48+0.45
NH;-H,0 B (1.2~2.2mm) 30h 9.69+0.58
CaCO; BER (0.8~1.8mm) 24h 10.23+0.36
NaOH+CaCO; BB (1.0~2.0mm) 30h 9.81£0.27
NH;-H,0+CaCO; ¥R (1.5~2.5mm) 30h 9.98+0.52

—RERBY RG240, KIRBEAERR, 24-3005 FHTEBE L 4%
B, HERAM, HAMCaCO;EFHBEKER, BHREAEAR, RBER

AKBREFLE DKL SWEI-SHR.

.' : .‘ : : L ‘.
Ay B 3.5 ) | L
¢ Tt “ . \.\
f 3-5 NaOH. NH3-H,0. CaCO; /X F R b I i R &
Fig.3-5 Pellet of using NaOH. NH;-H;0. CaCOj as the neutralizer

3.3.4 B—F KRN ¥

3.3.4.1 NaOH% # F0 77| B () & BE B ) %
140 —o—LAR 12
120 —— B 10

0 6 1218 24 30 36 42 48 54 60 66 T2
rfE Ch)

Bl 3-6 LI NaOH fF % *h I ) R B 3 ) ¢ i &
Fig.3-6 Curve of using NaOH as a neutralizer fermentation kinetics

RERBEFOKBREEDR R RAL-FLRKE, 8 t L 10mol/LNaOH
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BRENKBERBEL-ABRTANMZ L%, WE3-6IR, XBRBHEENE
KHMEML-ARMERBERLESHK . REWH0-24h, DEAMEKIE, ™=
BEL, HERHAEEREG. HhEBRAFREZY, L-ABNEGREKRE
BHRHNEKRS, L-ARFEEMMWERSKREFLANKNBEREEL—F,
HEBHHEEEMR SAEFRLBEETURAKRN . EEEENTRIZTEE,
KBHEANBER, 2hRBER, L-ABRNTEXAREE.

3.3.42 EAKAPMFNHKES %

—o0—L-¥ &8

140 —o— R 111
4 10

_ 120 —— YR 19
2 100 F 18 ~
B 17 %
80' 6\./
ﬂ§6o_ s 1
o oAr 3
2 :
0_"' lllllll 0

0 6 1218 24 30 36 42 48 54 60 66 72
i [B)(h)

B 3-7 UEKEAPRFKRES) H %L
Fig.3-7 Curve of using ammonia as a neutralizer fermentation kinetics

NERBRTFHARELEYE. REBNL-ARKRE, BHRAU25%EK
EARBRERBFL-ARTAFANEAERK. BREMN=RI H%. dE3-7
TR, KREEFNEKBZAL- RO ERBEHLESE, BHERALZERS
. REMHI12L, HHEEKER, FLASES5L-AR™EED. 24hE60h
HEAXKREEKSETERY, FEREEK, HAENHAEEREMR, L-A
REBHBEZRERM. 60nEHAREYN, L-AREMEES, 2hRBELER,
L-ARTBEREE.
3.3.43 LLCaCOsfE N P RFIM KBS N EMP A

NERBBTHARELYE. REENL-ZLBRIKE, HFFLL60g/L CaCO;
EARBERBFL-ARFANNESER. BRBN=RI HE, WE3-8
Finn. BACaCOsfER h AR, FERBAIH18h, BiAEKES, 24n%]42h, &
BHEAMBEKY, HEHERENFE, 205, EEEKIABEY, S4hrf
DEWRSE, KEEAfds, ANL-ABTERXADTS8L, REREN

1.40g/(L-h).
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——L-¥F

140 19
—o— R 8
120 +
= 1 7
@m- 16
g o 148
a?40- 13#
- {2
2 {1
0 0

0 6 12 18 24 30 36 42 48 54
i E)(h)

Bl 3-8 L CaCOs 1E 25 F I FI ) R BE5h )7 % Hh 4%
Fig.3-8 Curve of using CaCOj; as the neutralizer fermentation kinetics
335 EATHAMERBESHE
3.3.5.1 NaOH #1 CaCO; B & * M3 f K B 3h ) %
REEF A SE A 100gCaCO;, % pHE T B H| 5.5+0.2 LIT B, FFERHMN
10mol/LNaOH ¥, ¥ KB pH A B HIE 5.5£02 £4, E 6h BH, W
ERBHEFHL-IAREE. REEMNLEYE, LU HEHE.

——L-J.8
_ 120 r —A—4YR ) =E==3& 10
5 100 r B . X } B 8 g
£ g0t
i“' {4 #
2 12
0 =9 0

0 6 1218 24 30 36 42 48 54 60 66 72
Bl (h)

3-9 NaOH M CaCO, H & 1 M 9 & B 3h J1 %
Fig.3-9 Curve of NaOH and CaCO; composite neutralizer fermentation kinetics
WHE 3-9 Fin, 24h /), BAREKEE, LFAER L-AR, HEBEHER
BiR/>; 24h-48h, BAEKES, L-ARTERE LT, BEHEHERE. 48h
B, BHREKRE, L-ARFEHRFEAREN, 7200 L-ARFEXIEFE
84.77g/L.

3.3.5.2 E/KF CaCO; EEF MR KBS J1 %
REEFF A5 BT SE N 100gCaCO0s, ¥4 pH {E T 2 5.5£0.2 LA T B, FFE4¥n
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BS%E KB, WEBER pH RRBHEE 55802 £4, HE 6h B, XX
BATHL-ABRSE. REENLEYE, L6 H1%ME.

—a— L3 "

140 o B 12
120 | e AYR 10
2 100 -
gso— _85
g § &

& L

% u | o
2 F 12
0 == 0

0 6 12 18 24 30 36 42 48 54 60 66 72
i El(h)

Bl 3-10 ®KM CaCO; BA&+F MAM KBS /1%

Fig.3-10 Curve of ammonia and CaCO;composite neutralizer fermentation kinetics

WHE 3-10 iR, EREBMG 18hH, BEEKEE, L-ARERERD;
18h-54h, BHHEAMBEKHY, L-ARRERR, WEERENFE. 540 )5,
BARFHFREK, LARTEHEAREN, KBLAN L-ARTBEIES
85.22¢g/L,
3.3.6 REPAFHFELLEE

FELRKBEBERBIENEMARSMREEISF YR REEK,
REBHMARERNOFHEFENRBETE, FERABSERERBBI K
BRI MFEEFEHTEERR. BEEERBTZNAIKRE™ L-
ABHARET, REXREBEEANANAR, XAXFEXEAY, NTRAE L-
AMABERE.
3.3.6.1 LA NaOH ¥ ¥ 1F o b 70 ) £ 48 K B

Bl NaOH BREATMALAKRERE™ L-ARNELELERR, 4R
3-11 iR

YHER 72h 5 L-JLEE B K 75.34g/L, REBRE R 1.05 g/(L-h). iR
BAERE, WHKEBR, IANKBEERHERBERKEE 240, EERE 6 #LX.
L-AMHTEEERBARETRES, B 5SHRIE 7THRLEFHMBEN
RE, BERBROET, REAFACORREZARRE, BHRTEARTER
R GEWTE THREFHRBEEEHN 1.53g/(Lh), BTEMRRBEE.
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8

L-3LE(g/L)
88883833

KB

3-11 LA NaOH EAFMAM P EL LB

Fig.3-11 Repeated intermittent fermentation with NaOH as the neutralizer

33.6.2 LEKENTRAAGLEL KR
Fm 25%E K H pH HE 5.5:02 RPMRBERN L-AR, EHKE

72h, BB, EAREEHENEFERE 240, EX6HK, SRWHE
3-12 7R

REHEX

B 3-12 LEKEATRRELELKE
Fig.3-12 Repeated intermittent fermentation with ammonia as the neutralizer
BHER 72h, REASHUE L-LR&EN 80.45¢/L, MARHLEA
67.04%, BEBEN 1.12g/(Lh). ME 2 BKFMH, SHKKE 24h, BWE
MKk L-ABRTE, BAWEEEERE THKTHTREEN 1.65¢/(Lh), &
FAREBBE. ARIEEHARBOKREACACEHRR, JREE
HEEE, BHEABEEBER, REBRHGEEZHMA.

3.4 XENG
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Wit 7L EABERTABERNNEEEK pHE, IR T KA NaOH
B, EAKEITRMFNARSREMNKEN %, FLHAT L NaOH HH
EAKREAFRFAKFEERE.

(DKRBEREE L-FLBRAEE pH b 5.5+0.2, ZREEW T pH H 5.5£0.2
B, ¥XBRBEEEKRTF, EHMTFEAKRDIEENER, NTFHF L-ALRNE
R o

(2) CHEXBEBFBEKIBIRIEEEZEMRH, HPCaCOsiT
CaCly, FJFINaOHMEKENKBRERBEZL-ILBREPMFN, HINT CaCO;
EL-AB=EFHRET3ME.

(3) BEAEIXRBERFL-ARTAFRBREERE S H25%, NaOHE
BEIARBEESL-ABRP AR BREREADI0mol/L , CaCOsEAKRREXR
EL-ABTAMANRERME N60g/L, ERERFMFTHITILE REE, L-ILBF”
B4 5ik5%]74.34g/L. 80.61g/L. 75.8g/L, KEEIREH1.03g/(L-h). 1.12g/(L-h).
1.40g/(L'h). EAFMFAHL-ALBR=BH LA —FMFE, 7TLFHCaCOHL-
ARTENRBFERKER.

(4) LLE/K. NaOHEBIERN T RF, TR THAETRAREELE R,

REFRBENRTIMAR.
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HNE NEPHAEETRE L-AROAHERD

FREEMENOELIIGE AL, A A S 3 B8 i 3F 4 A0 M ¥
R MEHITH, BEEF —RIBELMNERUFRNURFRENEED
2Rl mAEYEF S ERBEEIRTELFCEMFANERESFN®E
MEMYRANEE, FARLTFFEEKRSES, AN ARDHAREDHEITE
BREEYYFRRAREZY . MEYHRXHM B S EH KR P %A LRN
AfE, EBEEEHERE. BTHAVENRESBAFENRS, EIMR
WEFTEAGEUKBEREZOINTE, FTRERBEEHRRH~Y, »
DA BRMEYRENFERS. AN FTERNABEBEARETAFAREL
EERMOEEYREIEHAELAEFELETHERNELKM=DER, BESR
MEBHFENRAEHTEEHNEANES HASHERIREZNATHRL
M., MESHEYEE, EATRAHNEAREEIBREARANBRTE, AMTE
SEFEREANNASHENERXNBEEFRETEERBTNERR
ETHEYRERBHEEXBSE, SAENERRBEHRNRR, AW
REARHYNEE, REIEFNELAEASTHEDNIRERRUEFEAER
BTV EERBHNFEG ANEXHSREHERNERTERAREILRE,
W H BB TR,

EREIBHEMTAD, BWNABRI EHNFTEERABERZ ST
(Metabolic flux analysis, MFA) . MFAT] LR S A ME KRN H 2
FERENMEERRNEE. MFABKNEREATENERBBRRE P B
AR ERTUNBHXTFHEVRBHGZEEGR N T EHLE,
MFAT L EZAXRBEER“HIRBREBEN LA, EEIEZENAHEER
HEMEH, TURUSAEMFHORENENRENEW.

41 XREBEHERENEHREIL

Wright & F “C st tE RAL RAR S T 18 € T K IR & 4 9 6 4K 6 Y
., mE4- 157 R, EWrightiRE, XKRBAAFERNIARRRHEE: —1
BEFELERN, REBRADELIZE., LK. EHZR. ¥ERVEDR:
B ANBETERERN, FRERELABBAKZAZRR (TCA) , EES
BRAOEER. Hit, BFARNEERIEDRAERRNAME. Wright@id
Wi BENERRANE DR b E— /TR AR B B 0,



Chiti Trehalose  Glycogen Turnover
Acetyl
Cm itrate —» Ext-
Ext- g ——» Glucose Citrate
Glucose l
Bxt- gl acetate 2
G6P Y] P €02
Ext- ¢———
E6P F-1,6-bP Pyruvate 2
Malate 2 <¢«—— Fumarate 2~+» Ext-
mitochondrion F ate
PEP ——>Pyruvate 1 cytosol
Protein Turnover
Ext- - te Oxaloacetate 1
Pyruva ' culture
o2 medium
Acetaldehyde Lactate Malate 1———» Fumarate 1
EtOH
culture
medium Ext- Ext- - Ext-
Ethanol Lactate Malate PFumarate

B 4-1 XREHAHREMNEE

Fig.4-1 Map of glucose metabolism in Rhizopus oryzae

KT B R A I B R B &4 15T R

#4-1 XBBRARERETE

Table 4-1 The metabolic reaction equations of Rhizopus oryzae

A Rl R R«
1.G-6-P ~ Glu — ATP =0

EMP&#2 R M :
2.F-6-P - G-6-P=0

3.2T-3-P — F-6-P —ATP=0
-P=0

4.3PG+NADH+ATP -T-3
5.PEP - 3PG=0
6. PYR+ATP —PEP=0

TCATEH &2 R DL

7.AcCoA+NADH+CO; — PYR=0
8.ICT — AcCoA — OAA=0
9.0-KG+NADH+CO, - ICT=0
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10.0AA+FADH+CO,+ATP+2NADH - KG=0

M. ZEARREHERNEGARN:

11.0AA1 - CO; —ATP - PYR=0

12.MA - NADH - OAA1=0

13.FA - MA=0

14.L-LA - NADH -PYR=0

15.EtOH+CO; - NADH - PYR=0

HERNARRMN:

16.Glutamate — a-KG — NADH — ATP=0

17.Glutamine — Glutamate — 2ATP=0

18.Proline — Glutamate — 2NADH — ATP=0

19.Arginine + a-KG + MA — Aspartate — Glutamate — Glutamine — CO; — NADH -
5ATP=0

20.Lysine+a-KG — AcCoA — 2Glutamate — NADH — 2ATP=0

21.Aspartate+a-KG — Glutamate — OAA=0

22.Asparagine+Glutamate — Aspartate — Glutamine — 2ATP=0

23.Homoserine — Aspartate — 2NADH — ATP=0

24. Threonine — Homoserine — ATP=0

25.Isoleucine+a-KG+CO;+ATP — GLUTAMATE — PYR — Threonine — NADH=0

26.Homocysteine — Homoserine ~ 2ATP=0

27.Methionine — Homocysteine — NADH=0

28.S-Adenosylmethionine — Methionine — ATP=0

29.Homocysteine — S-Adenosylcysteine — 2ATP=0

30.Serine+ ¢-KG+NADH - 3PG - Glutamate=0

31.Glycine — Serine=0

32.Cysteine+succinyl-CoA+NADH - Homocysteine — Serine=0

33.Alanine+a-KG — Glutamate — PYR =0

34.Ketoisovalerate +CO; — 2PYR - NADH=0

35.Valine+a-KG — Ketoisovalerate — Glutamate=0

36.Leucine+a-KG+CO,+NADH ~ Ketoisovalerate — AcCoA — Glutamate=0

37.Histidine+a-KG+2NADH — ATP - Glutamine=0

BERKABRRN
38.UTP+Glutamate+NADH — Aspartate — Glutamine — 4ATP=0

39.CTP+Glutamate — Glutamine ~ 2ATP=0
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40.5'-Aminoimidazole — 4-carboxamide — ribonucleotide+
2Glutamate+MA+NADH — Aspartate — 2Glutamine — 4ATP - Glycine=0
41.IMP+NADH - 5'-Aminoimidazole — 4- carboxamide - ribonucleotide=0
42.Adenosinetriphosphate+MA — Aspartate —-IMP — 3ATP=0
43,GTP+Glutamate+NADH — Glutamine — 4ATP — IMP=0

BAEPDKS FHEBRN:
44 Protein ~ 0.095Alanine — 0.044Argine — 0.046Asparagine — 0.046Aspartate —

0.011Cysteine — 0.080Glutamate — 0.080Glutamine — 0.094Glycine — 0.020Histidine
- 0.045Isoleusine — 0.069Leusine — 0.057Lysine — 0.014Methionine — 0.047Proline —
0.066Serine — 0.048Threonine — 0.064 Valine=0

45.RNA — 0.256Adenosine triphosphate — 0.196CTP — 0.286GTP ~ 0.262UTP — ATP=0

46.DNA - 0.242 Adenosine triphosphate — 0.258CTP - 0.258 GTP — 0.242UTP —
1.242NADH - ATP=0

47.Lipid+1.1S-Adenosylcysteine+3.8CO; — 18.12AcCoA — 18ATP - 0.623T-3-P -
0.623FADH - 0.3G-3-P — 24.INADH - 1.1S-Adenosylmethionine — 0.4Serine —
2.60,=0

48.Carbohydrate — G-6-P — ATP=0

49.Chitin+Glutamate — AcCoA — G-6-P — Glutamine — 2ATP=0

50.Mannitol — F-6-P — NADH=0

51.Glycerol — T-3-P - FADH=0

BT A/AUBRUR N RS LR
52. 2.6ATP - NADH - 0.50,=0

53. 1.6ATP - FADH - 0.50,=0

54. ~ATP=0

AXRBEGCHAREREAS, ATHESTE, ETT -ESENRE, X

EAFEUTILA:

(D EERAS, WDNA, RNA, EHREEY K4 F KA g 12 K FPedersen

BUIMAXRKHENRERY, REERAEERBYRNEERN.

(2) HHREARTS (BFEDNA, RNAEER, EERF) NEERENAR
K. BTREZXABREFRASMHE, AXKA T Pedersenill i §ll & 78 2 49K
MENAEXEE, AETFRORETURBEAT, ZREIN-REGALS T
RNA, DNAF/LHZERERNEBEMAERD, MAXLALSERA, BE

Bk, WERKERNH N ERERKT,

) BEFRIRFHERRVESROBE - IMAERRBESE, 2T RE
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F—4REBRANBECTESRNEDREZ, ME=RRER (TCA) &
BRRFH.

(4) MFHEHEUOBERYRANB (REE=MUKS5), EEFH—#HY
JRCE R, Hlt, DHAPRIG3PAT3PER M.

(5) AROREMEFHREHEE, REEZERN (ERBSXHRE) HA
— AR EE (Metabolic pool).

6) BRBATRREDLTF—FilEe. ERIFRARHEYHIESHEXTF
BHEKEZMEMBELGHTUENRE, X FEAEKANRBIERN
HEATE, BRAFEYROEMRSTE, KEREENO,

(D BFZMEER, BNERENZE, KA ZENSEREIE—BE
&

(8) HFRA—AMHNEREHRMERAELET, HARMEDHBN—,
BE 4 i 4B B 2 % Mariet JU° 5 McKinlayJBUSIIBF 5T 45 16, B —4L
CH,00sNo 2 — 4 27,
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B42 XBRBRATERBZERSEHE

Fig.4-2 The central metabolic scheme for Rhizopus oryzae
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RAE=%.
423 FE®RE
RE=%.
4.2.4 BEFRE
RAE=%.
4.2.5 BFEF &
RE=%.
4.2.6 KW
42.6.1 REWT L-AB=ENE

S F HPLC ¥, [ 2.1.6.
4262 REBRT¥ERSENE

¥ A HPLC ¥%:

WHRAREUF RS E® 0.4423g, AERKESE 100mL FEMEF, 1F4
PR, RESHIAFREK 1.0, 3.0, 5.0, 7.0, 9.0mL, BIAZ| 10mL &
Bt, B8, WAHERK. SIS RERE 200, BMRE#EES K, R
P, & 4.42mg/L~39.81mg/L TEE M, UEEHN X, HBKREHNY,
BYSEMFENE. FRBRIERZNIMETEN:

Y=1E-06X-0.0011 H A% R % R*=0.9998

0.045 y = 1B-06x- 0.0011
0.04 T R®=0.9998
0.035 |
g 003 ¢
@, 0.025
g 002
B 0015
0.01
0.005
0 A L 1 1 1 1 —

0 5000 10000 15000 20000 25000 30000 35000
HRE

43 ERMITHEME
Fig.4-3 Standard curve of malic acid content

4263 RERTESRSEARE

WRAREAT R E R 0.0504g, AEHKKEAET 100mL ZEHEP, X
R AR, REABMNFEEK 1.0, 3.0, 50, 7.0, 9.0mL, MAZ 10mL &
B, B8, WAHERR. SRS REH 20uL, FMREERES K, B
KW, 7 0.50mg/L~4.54 mg/L WEAN, EEHEN X, BBEREAY, &
SRS, EDBRIEBKNIIGTEAR:
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Y=8E-09X+0.0001 HAH% R # R?=0.998

Jggz‘ y = 8E-09x+ 0.0001
X " 2 _
0004 | R:=0.998
~ 00035 |
0.003 |
& 00025 |
AT 0,002
¥E

0.0015 |
0.001
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0

0 100000 200000 300000 400000 500000 600000
i T AR

B 4-4 BEDRITHEMR
Fig.4-4 Standard curve of fumaric acid content
42.6.4 EYEKIPE
RAE=%F.

43 R 51
4.3.1 B\NaOH¥E 1 4 o A B A8 B 5 4
XBEHANRABIRRK, —RITSHI=ANER. BE—HRIFREK
MR, EXANE, GREK. FHERARYNEERTRE, —K&Y
0-24h; E-MBAARPEEKKMNEN, EX—HE&, @REK,. =YEH
FED M EEEHRR,— K H24-54h; FZMREFEKRE, EFYERN
BRBRAEE, —KAH54-72h,
EXEENAREKNEBEEBRH =/, BI512h, 36h. 60hHI LK H
£, RANBEERF KR, BEIAERUWBE45HR.
EREA-SHRBEEREERETULRNR, RESTER=ANB=YL-ILKRE
i B & 4 B 2£0.93mmol/g/h 2.05mmol/g/hF5.83mmol/g/h, 6B B AL R [A] Y
BAEAWL-IABEBERNEN, AMNBEERE LA, REHN=RER
HEAXFHEKE, M HEKBHRERXTENRH.
RBBIFYERROREEREFREKYH X0.0lmmol/g/h, HXL-F
BMEEAK, EEAMMNEENREHIEE K, —HEHTRLNERREAH
KERSE, S—FEALUNEASRERK, FEHEERSERN R HEE ¥
BB ER. ht FAREKBEY, ENFERRVNREEZXESHNAE
(-0.001 mmol/g/h), RAKFARBROFTHRET HE, THREAKNKEASL,
TERBEAFE. EDRARBENEZZEHLEIRAMEANESR, EX#
EYBX, RYEDSRKANBAEREHNEEEA.
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Fig.4-5 Metabolic flux distribution of using NaOH as the neutralizer

43.2 UEKEAF ARG EE T
[F4.4.1, LVEUKAEANPRAE, EIFE12h. 36h. 0hHILRHE, KA
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Fig.4-6 Metabolic flux distribution of using NH;-H,O as a neutralizer

LB KR P AFE, Z12h. 36h, 60hT=HL-ILREFABEEESF A
1.48mmol/g/h. 2.02 mmol/g/h, 5.94mmol/g/h, [F]LANaOHYE Jy 0 FI B —#,
MNAREAKEERIMNBEKBEIREY, LARNABERAHEX, B
ARG EER BT, SKMEDDRMNKEKEERTELINaOHK,
FWRE T UEKENFRFANHL-AR"ERS.

ISt NaOHE W, LEARERFRFN, BIFYERRNRBEXZRK, &
12hEt %0.02mmol/g/h, £ NaOH¥ A * F17 B #9245 ; 58 36hAt 5 0.01mmol/g/h,
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T LANaOHE B A F FIFIE, WA AE; BRFYEDRANAEERNRZ
B, BTRFYERRAEDSRZ S, HMBYENREERLERETL .
4.3.3 LLCaCOsfEAN T FIFIn 9Kl BB 747
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Fig.4-7 Metabolic flux distribution with CaCOs as a neutralizer
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B 47T, EEEEKMBRNE 1208, BlCaCOEN F A M RER
ZHEKFUNaOHEBRMEAKEXNPHA MR BEEE, TREEFEFLE
BRCBEEAFARTHGRARSEFLTIREKMRENEL ST
wissl, REBESEK: HC¥TESEAREEREMSLE & ERF I cAMP
gaf ATIRLERBELIR, TRCIEXREFFNEKAL-ALEB M E T
EThHEEEEER.

PLCaCO;fE H R B, 212, 30h. 48hYL- AP MBEE N H £
10.54mmol/g/h. 4.72mmol/g/h. 7.30mmol/g/h, 2E X -F UANaOH¥ B M EKIE A
FRFNOREER, X FL-ALERBHE, CaCOs&—MENaOHE R E
KEEHRAF. XTRAFYEDRMERRRYE, FRAZFARE MR
REERMEBRK, EAEAMTL-ARKRYE, ESRNERROTER .

4.4 XEPG

(D BEXRENEVLEERRWAMNKREEEZHNHA, 25Kt
BNEFEARBITARERATERG M.

(2) 947 T KB EAs3.819ZEF AINaOHH B « EKMCaCO; =M AR+ M
FTHTAREBOAANBROEESIAER. LBREH, L-ARNHEER
K/h%: CaCO;>EA>NaOH¥E W, HMFML-ABHIFERB, CaCO:RRAE
ERPAA, EEEERTHRL-AR>EAL, EXKARI—FREFNEE.
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BLHE SZRERE

AX=FAFE FRFCaCOos M K. NaOHBF W« B KB R F FKIRE K BE
FEEML-LBHETTHR, RUAETERARTMANFREAR, BET XK
BEREBFL-ARNBEEHEUREHARF MMM HRERE, LI T NaOH
W BEKBHAERNTFRRAMEEERE, FHETAKREASSOEERMNE
4, %CaCOs#K . NaOH W . E/KE W AE A+ MR R B BK &K B R AT
TREEEDHT.

51 4#

L BTREENERREERT 5 LB . NaOH. NH3-H,0E 4 M
FMEREAR: ‘

(1) BACaCOsfER P RMFIM B MEEFRE AR KA : FHH120g/L, (NH4)2804
4.0g/L, KH,PO, 0.15g/L, NaH,P0,4 0.20g/L, ZnSO4-7H,0 0.22g/L, MgSO4-7H;0
0.35g/L, CaCO; 60g/L.

(2) UNaOHBEBAEA P RMA M BMBEFREAR K : FHHE 12091,
(NH4);SO4 4.0g/L, MgSO4+7H,0 0.35g/L, ZnSO47H;0 0.22g/L, NaH POy
0.10g/L, KH,PO40.15¢/L. _

(3) UEAERNPRAAMRNERELARN: HHHE1209L,
(NHs)2S041.0g/L, MgSO4-7H,0 0.35¢/L, ZnSO4-7H,0 0.22¢/L, NaH,PO4 0.15g/L,
KH,PO4 0.15g/L.

2. B EREAYXBEZETL- IR M BEpHME 4 5.5£0.2. FMA R
FE NaOHY 3% R 7K Y8 ¥ 355 41 R B W pHAE 5.5+0. 2 AT W K B 72h, B A U % B
WHL- B4 E, B3B8 ENaOHE B A E KK E 2 5 4 10mol/L. 25%, M
R L-FL BB 4 3l X 74.34g/L. 80.61g/L, BURMABRARBHETGERE
% 120g/L4& 14 F B ECaCO; NN & H60g/L, EILRBEHET X B S54h, BEIL-A
B 9K 4 75.80g/L.

3. =#p B — s M FINaOHBE W « /K. CaCOs M & BERE 43 A 4 1.03g/(L-h).
1.12g/(L'h), 1.40g/(L-h), #EHALESHH61.95%. 67.18%. 63.17%; TNaOH
WA CaCO;ME S A, EAMCaCO;EEF AN REREE H1.18
g/(L'h), BEEALE S H70.64%. 71.02%, T REAEHMH K EEREBRE—
e 1 FNaOHA B FI B K K, BCaCOs/h, BERESHFMAKBHEUEREM—
FhE— R

4. FINNaOHE W . BAKHTEELERE, TRATRETRANELEER
B, UANaOH¥MEN PRIFIN, BREBNOL-ILBRFENTSI4gL, RBBE
%1.05g/(Lh), BHEALEN62.78%, FEWTETHKL- LR FHRKEREN1.53
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g/(L'h). UEAKERFRFIR, EHEBML-ARTEA045¢/L, REEEN
1.12g/(Lh), BHALKAH67.04%, ZETETHKRL-ARFEHRBREN1.65
g/(L'h). B, FAXEEABEERATL-ARNABEEE, BB THEN
)R
SRIEXRENEYHEGSBURMNANKBEBEEEZNTA, S XA
EMARAR, ETHEHETEIR, WERTRKREAS IR G MEEE.
NAEREEESE, B2 T L10mo/LNaOHE . 25%& K. 60g/LCaCOsfE
AHFRAFIARRENERASISIONBEARBEES .

52 B4

1. UNaOHB WM EKEAFRHFE, FREBERK, BEABIFELER
BHENRET, BE/{TH—PEA.

(1) CaCO;R—MZBBMNUMBPHF, MAKBEHENHGEFMRD, H
NaOHR E /K BB RE, EAKRMERS KEEANSINH FHHE, X
KkREGHEGEER KA. R LB E# MO SOEERE HEE, € miE W il i
PERRHEEEHTRE, TUAEMRENSANHL N RREEENGE,
MNTIREL-FLBRE=R.

(2) BHHERBERE, RUBERTE, MEEAZE, BAFHE., RN K
BRNVE, HERENSHRNEASE, UENEERBRYEERELE, &
THELREEEMRITARESEPRAL, SEREL-AREZEZNTE;
NeERRMESHTE, BEEFRE, BEHEREMN=LHHK.

2. S ABBAS SRR EIEN BN ETHE—SHR, F2X 28
TEABBEHERRRSER, HFEIREEREITAOTE, S THRAER
4 X A S HE; R4 Gene Bank A ILDH. PDC, K HPCRERE &Y
Wd%ERE (LDHEPDCEREMHENEF, WEEY #); XART-PCREAR
BPCEE, AN FAME. BA. BREFERTERAREE, BEIRE
BEARESHBEER, BRELLFAEBELREHADNAT; RMNEREAREF
BEEAL, SHREBS X AH#TMCANN: MREARTHENGEER. £K
EBREREEE. BT LRFAHTE, ABLKELIINTATERE=NYH
AR AR T ERERER.
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